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INTRODUCTION. 


This  book  is  not  a  treatise  on  Mechanical  Drawing, 
but  an  outline  course  on  the  subject.  A  mastery  of 
its  contents  will  not  make  the  student  an  accomplished 
draughtsman,  but  it  is  hoped  that  such  mastery,  coupled 
with  careful  instruction,  will  help  him  a  long  way  on 
toward  that  desired  result. 

The  book  is  put  out  chiefly  for  that  class  of  students 
who,  from  age  or  condition,  are  not  able  to  take  the 
time  necessary  to  go  through  a  complete  course  of 
study  with  the  view  of  making  themselves  mechanical 
draughtsmen.  The  difficulty  of  gauging  the  needs  of 
this  body  of  students  makes  the  success  of  any  such 
efl^ort  problematical ;  nevertheless  I  make  this  trial 
with  the  hope  of  ultimate  success. 

W.  S.  LOCKE. 
Providence,  R.  I.,  Sept.  1888. 


Free-hand   Drawing. 


The  student,  like  the  child,  must  "  creep  before  he 
can  walk,"  that  is,  do  some  preparatory  work  before 
he  can  stride  along  in  his  chosen  path.  In  this  pre- 
liminary work,  the  foundation,  care  should  be  taken. 
Study  and  work  thoroughly,  rather  than  fast.  Make 
clear  to  your  mind  each  subject  as  it  is  taken  up,  and 
by  what  is  understood  that  which  follows  will  be  made 
clear. 

Before  writing  became  common,  the  saying,  "  The 
pen  is  mighti'er  than  the  sword,"  was  accepted  by  the 
world.  In  these  days,  when  time  is  very  valuable, 
drawings  are  generally  used   in   all  kinds  of  business. 

Drawing  is  the  universal  language  of  man,  and  is 
mightier  than  the  pen. 

To  make  draAvings  or  to  understand  them  is  becom- 
ing a  necessity  to  all  who  work  for  a  living,  except 
the  "  day  laborer." 

At  the  beginning  of  the  art  we  find  free-hand  draw- 
ing, that  kind  of  di-awing  which  is  produced  with  the 
simple  aids  of  pencil  and  paper.  We  must  master 
something  of  this  art  before  we  can  represent  on  paper 
what  the  "mind's  eye"  sees,  be  it  Madonna  or 
machine. 

First,  we  must  learn  how  to  represent  correctly  that 
which  we  really  see. 

Figure  1  represents  three  views,  top,  end  and  side 
of  a  block.  Figure  2  represents  the  same  block  as 
we  naturally  see  it  —  not  necessarily  in  this  position — 
showing:  three  sides. 


Once  able  to  represent  simple  objects  correctly  in 
this  way,  and  the  stiideut  has  grasped  firmly  a  funda- 
mental principle  of  perspective.  There  has  to  follow 
simply  the  training  of  the  hand  to  do  Avhat  the  eye 
sees. 


Our  pictorial  papers   and  magazines  are  proof  that 
this  kind  of  work  "  pays." 


GEOMETRICAL     DRAWING. 

Having  now  begun  to  represent  objects  by  drawings, 
we  notice  that  a  slight  error  in  length  or  direction  of 
a  line  injures  the  drawing  of  which  it  is  a  part. 

We  begin  to  study  accuracy  in  these  free-hand 
drawings  and  can  easily  see  that  some  knowledge  of 
Geometry,  the  science  which  treats  of  Position  and 
Extension,  must  be  a  great  and  constant  aid  to  the 
student  of  drawing.  A  great  many  treatises  on 
Geometry  have  been   written,   but  none  simple    and 
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compact  enough  to  be  used  in  a  course  of  drawing  so 
limited  as  ours,  consequently  the  principles  of  Geom- 
etry most  necessary  in  the  study  of  mechanical  draw- 
ing are  here  condensed  into  thirty  problems  with  use- 
ful definitions  and  conclusions.  The  problem  before 
the  student  in  each  case  is  to  construct  a  figure  or 
drawing  Avhich  shall  graphically  represent  what  the 
"  solution  "  describes.  This  is  practice  in  both  geom- 
etry and  drawing  and  a  preparation  for  following 
work. 

As  the  problems  will  I'equire  more  aids  than  'free- 
hand drawing,  it  may  be  well  here  to  say  something 
about 

INSTRUMENTS. 

A  complete  outfit  for  mechanical  drawing  may  be 
bought  for  $15.00,  although  half  the  money  will  buy 
instruments  with  which  much  may  be  done.  It 
should  comprise  draAving  board,  T  square,  two  tri- 
angles, two  rubbers,  two  pencils,  12  in.  steel  scale,  1 
pair  5^  in.  compasses,  1  ruling  pen,  and  1  set  (3) 
spring  dividers.  The  compasses  should  have  a  fine 
needle  point  in  one  stock,  and  have  the  other  stock 
fitted  with  pen  and  pencil  points  and  a  lengthening  bar. 
The  compasses  are  used  in  making  circles  and  arcs 
of  circles.  In  using  them,  they  should  be  used  by  the 
thumb  and  finger  only.  Never  take  hold  of  the  points 
while  making  an  arc. 

In  using  the  ruling  pen,  always  be  sure  to  hold  it  in 
a  plane  perpendicular  to  the  face  of  the  triangle. 

Always  use  the  T  square  with  the  left  hand,  and 
always  work  from  the  same  side  of  it,  for  then  your 
work  will  be  regular. 

Care  must  be  taken  all  the  time,  for  the  art  of 
making  a  good  drawing  comprehends  the  art  of  taking 
pains  in  details. 

Having  learned  to  take  pains  the  habit  is  formed 
and  unconsciously  becomes  easy. 


GEOMETRY. 


DEFINITIONS. 

Definition.  Geometry  is  the  Science  of  Position 
and  Extension. 

Definition.  A  Point  has  merely  position,  without 
any  extension. 

Definition.  Extension  has  three  dimensions : 
Length,  Breadth  and  TJtickness. 

Definition.  A  Line  has  only  one  dimension, 
namely,  length.  All  lines  are  either  straight  or 
curved. 

Definition.  A  Surface  has  two  dimensions: 
Length  and  breadth. 

Dpfinitinn.  A  Solid  has  the  three  dimensions  of 
extension  ;  length,  breadth  and  thickness. 

The  Position  of  a  Point  is  determined  by  its  Direc- 
tion and  Distance  from  any  known  point. 

Definition.  A  Plane  is  a  surface  in  Avhich  any  two 
points  being  taken,  the  straight  line  joining  those 
points  lies  wholly  in  that  surface. 

Axiom.  A  straight  line  is  the  shortest  way  from 
one  point  to  another. 

THE    ANGLE. 

Definitions.  An  Angle  is  formed  by  two  lines 
meeting  or  crossing  each  other. 

The  Vertex  of  the  angle  is  the  point  where  its  sides 
meet. 

The  magnitude  of  the  angle  depends  solely  upon  the 
difi'erence  of  direction  of  its  sides  at  the  vertex. 
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The  magnitude  of  the  angle  does  not  depend  upo 
the  length  of  its  sides. 

When  one  straight  line  meets  or  crosses  another,  so 
as  to  make  the  two  adjacent  angles  equal,  each  of 
these  angles  is  called  a  Eight  angle,  and  the  lines  are 
said  to  \)Q  perpendicular  to  each  other. 

Thus  the  angles  ABC  and  ABD  (fig.  3)  being 
equal,  are  right  angles. 

An  Acute  angle  is  one  less  than  a  right  angle,  as 
^(fig.  3). 

An  Ohtuse  angle  is  one  greater  than  a  right  angle, 
as  X  (fig.  3). 

Parallel  Lines  are  straight  lines  which  have  the 
same  Direction,  as  AB,  CD  (fig.  3), 

Parallel  lines  cannot  meet,  however  far  they  are 
produced. 

POLYGONS. 

Definitions.  A  plane  figure  is  a  plane  terminated 
on  all  sides  by  lines. 

If  the  lines  are  straight,  the  space  which  they  con- 
tain is  called  a  rectilineal  figure,  oy  polygon  (-Pfig.  3). 

The  polygon  of  three  sides  is  the  most  simple  of 
these  figures,  and  is  called  a  triangle;  that  of  four 
sides  is  called  a  quadrilateral ;  that  of  five  sides,  a 
pentagon  ;  that  of  six,  a  hexagon,  &c. 

A  triangle  is  denominated  equilateral  (E  fig.  3), 
when  the  three  sides  are  equal,  isosceles  (/fig.  3), 
when  two  only  of  its  sides  are  equal,  and  scalene 
(S  fig.  3),  when  no  two  of  its  sides  are  equal. 

A  rigid-triangle  is  that  which  has  a  right  angle. 
The  side  opposite  to  the  right  angle  is  called  the 
hypothemise.  Thus  ABC  (fig.  3)  is  a  triangle  right- 
angled  at  A,  and  the  side  BG  is  the  hypothenuse. 

Among  quadrilateral  figui'es,  we  distinguish  ; 

The  square  (Sq.  fig.  3),  which  has  its  sides  equal, 
and  its  anojles  right-angles. 


The  rectangle  (B  fig.  3),  whicli  has  its  angles  right 
angles,  without  haying  its  sides  equal. 

The  2^(1  y (til el og ram  (P  fig.  3),  which  has  its  oppo- 
site sides  parallel. 

The  rhombus  or  lozenge  (Bh.  fig.  3),  which  has  its 
sides  equal  without  having  its  angles  right  angles. 


Rq.S. 


The  trapezoid  (T  fig.  3),  which  has  two  only  of  its 
sides  parallel. 

A  diagonal  is  a  line  which,  joins  the  vertices  of  two 
angles  not  adjacent,  as  AC  in  the  figure  of  the 
parallelogram. 


THE    CIRCLE. 

Definitions.  The  circumference  of  a  circle  is  a 
curved  line,  all  the  points  of  which  are  equally  distant 
from  a  point  within,  called  the  centre. 

The  circle  is  the  space  terminated  by  this  curved 
line. 

The  radius  of  a  circle  is  the  straight  line,  as  AB, 
AC,  AD  (fig.  3),  drawn  from  the  centre  to  the  cir- 
cumference. 
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The  diameter  of  a  circle  is  a  straight  line,  as  BD, 
drawn  through  the  centre,  and  terminated  each  way 
by  the  circumference. 

A  semicircumference  is  one  half  of  the  circumfer- 
ence, and  a  semicircle  is    one   half  of  the  circle  itself. 

An  arc  of  a  circle  is  any  portion  of  its  circumfer- 
ence, as  BFE. 

The  chord  of  an  arc  is  the  straight  line,  as  BE, 
Avhicli  joins  its  extremities. 

The  segment  of  a  circle,  is  a  part  of  a  circle  com- 
prehended between  an  arc  and  its  chord,  as  EFB. 

A  tangent  (fig.  3)  is  a  line,  Avhich  has  only  one 
point  in  common  with  the  circumference,  as  HD. 

A  polygon  is  said  to  be  circumscribed  about  a  circle, 
when  all  its  sides  are  tangents  to  the  circumference  ; 
(Fig.  3)  and  in  this  case  the  circle  is  said  to  be 
inscrihed  in  the  polygon. 

A  polygon  is  inscribed  in  a  circle  when  all  its  ver- 
tices are  in  the  circumference  of  the  circle,  (fig.  3.) 
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PROBLEMS 

IN 

Plain   Geometry. 


1.  Problem.  To  find  the  position  of  a  point  in  a 
plane,  having  given  its  distances  from  two  known 
points  in  that  plane. 

Solution.  Let  the  known  points  be  A  and  B. 
From  the  point  ^  as  a  centre,  with  a  radius  equal  to 
the  distance  of  the  required  point  from  A^  describe  an 
arc.  Also,  from  the  point  B  as  a  centre,  with  a 
radius  equal  to  the  distance  of  the  required  point  from 
i?,  describe  an  arc  cutting  the  former  arc  ;  and  the 
point  of  intersection  G  is  the  required  point. 

a.  By  the  same  process,  another  point  D  may  also 
be  found  which  is  at  the  given  distances  from  A  and 
B,  and  either  of  these  points  therefore  satisfies  the 
conditions  of  the  problem. 

h.  -If  both  the  radii  were  taken  of  equal  magni- 
tudes, the  points  O  and  D  thus  found  would  be  at 
equal  distances  from  A  and  B. 

c.  The  problem  is  impossible,  when  the  distance 
between  the  known  points  is  greater  than  the  sum  of 
the  given  distances  or  less  than  their  difference. 

d.  If  the  required  point  is  to  be  at  equal  distances 
from  the  known  point,  its^istance  from  either  of  them 
must  be  greater  than  half  the  distance  between  the 
known  points. 
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2.  Prohleni.  To  divide  a  given  straight  line  AB 
into  two  equal  parts  ;  that  is,  to  bisect  it. 

Solution.  Find  by  §  5,  a  point  G  at  equal  dis- 
tances from  the  extremities  A  and  B  of  the  given  line. 
Find  also  another  point  D,  either  above  or  below  the 
line,  at  equal  distances  from  A  and  B.  Through  C 
and  D  draw  the  line  CD,  which  bisects  AB  at  the 
point  E. 

3.  Problem.  At  a  given  point  A,  in  the  line  BC, 
to  erect  a  perpendicular  to  this  line. 

Solution.  Take  the  points  B  and  G  at  equal  dis- 
tances from  A  ;  and  find  a  point  D  equally  distant 
from  B  and  G.  Join  AD  and  it  is  the  perpendicular 
required. 

4.  Problem.  From  a  given  point  A,  above  the 
straight  line  BG,  to  let  fall  a  perpendicular  upon  this 
line. 

Sohition.  From  ^  as  a  centre,  with  a  radius  suffi- 
cently  great,  describe  an  arc  cutting  the  line  BG  in 
two  points  B  and  O;  find  a  point  D  below  BG, 
equally  distant  from  B  and  C,  and  the  line  ADD  is 
the  perpendicular  required. 

5.  Problem.  To  make  an  arc  equal  to  a  given  arc 
AB,  the  centre  of  which  is  at  the  given  point  G. 

Solution.  Di'aw  the  chord  AB.  From  any  point 
i)  as  a  centre,  with  a  radius  equal  to  the  given  radius 
GA,  describe  the  indefinite  arc  FH.  From  i^  as  a 
centre,  with  a  radius  equal  to  the  chord  AB,  describe 
an  arc  cutting  the  arc  FH  in  H,  and  we  have  the  arc 
FH=AB. 

6.  Problem.  At  a  given  point  A,  in  the  line  AB, 
to  make  an  angle  equal  to  a  given  angle  K. 

Solution.  From  the  vertex  K,  as  a  centre,  with 
any  radius  describe  an  arc  IL  meeting  the  sides  of  the 
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angle  ;  and  from  the  point  J.  as  a  centre,  by  the  pre- 
ceding problem,  make  an  arc  BO  equal  to  IL. 
DraAV  AG,  and  we  have  A=K. 

7.  Problem.     To  bisect  a  given  arc  AB. 

Solution.  Find  a  point  D  at  equal  distances  from 
A  and  B.  Through  the  point  D  and  the  centre  C 
draw  the  line  GD,  which  bisects  the  arc  AB  at  E, 

8.  Prohlem.     To  bisect  a  given  angle  A. 

Solution.  From  ^  as  a  centre,  with  any  radius, 
describe  an  ai'C  BG,  and  by  the  preceding  problem, 
draw  the  line  AE  to  bisect  the  arc  BG,  and  it  also 
bisects  the  angle  A. 

9.  Prohlem.  Through  a  given  point  A,  above 
BEG,  to  draw  a  straight  line  parallel  to  a  given 
straight  line  BEG. 

Solution.  Join  EA,  and,  by  problem  6,  draw  AD, 
making  the  angle  EAD=AEG,  and  AD  is  parallel  to 
BEC. 

10.  Prohlem.  Tavo  angles  of  a  triangle  being 
given,  to  find  the  third. 

Solution.  Draw  the  line  ABG.  At  any  point  B 
draw  the  line  BD,  to  make  the  angle  DBG  equal  to 
one  of  the  given  angles,  and  draw  BE,  to  make  EBD 
equal  to  the  other  given  angle,  and  ABE  is  the  re- 
quired angle. 

11.  Prohlem.  Two  sizes  of  triangle  and  their 
included  angle  being  given,  to  construct  the  triangle. 

Solution.  Make  the  angle  A  equal  to  the  given 
angle,  take  AB  and  AG  equal  to  the  given  sides,  join 
BG,  and  ABG  is  the  triangle  required. 

12.  Prohlem.  One  side  and  two  angles  of  a  tri- 
angle being  given,  to  construct  the  triangle. 
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Solution.  If  both  the  angles  adjacent  to  the  given 
side  are  not  given,  the  third  angle  can  be  found  bj 
§10. 

Then  draw  AB  equal  to  the  given  side,  and  draw 
AG  and  BC,  making  the  angles  A  and  B  equal  to 
the  angles  adjacent  to  the  given  side,  and  ABC  is  the 
triangle  required. 

13.  Prohleni.  The  three  sides  of  a  triangle  being 
given,  to  construct  the  triangle. 

Solution.  Draw  AB  equal  to  one  of  the  given 
sides,  and,  by  §1,  find  the  point  G  at  the  given  dis- 
tances J^C  and  5(7  from  the  point  C,  join  AG  and 
J5(7,  and  ABG  is  the  triangle  required. 

a.  The  pi'oblem  is  impossible,  when  one  of  the 
given  sides  is  greater  than  the  sum   of  the  other  two. 

14.  Prohlem.  To  construct  a  right  triangle, 
when  a  leg  and  the  hypothenuse  are  given. 

Solution.  Draw  AB  equal  to  the  given  leg.  At 
A  erect  the  perpendicular  AG,  from  5  as  a  centre, 
with  a  radius  equal  to  the  given  hypothenuse,  describe 
an  arc  cutting  ^C  at  G.  Join  BG,  and  ABC  is  the 
triangle  required. 

15.  Problem.  The  adjacent  sides  of  a  parallelo- 
gram and  their  included  angle  being  given,  to  con- 
struct the  parallelogram. 

Solution.  Make  the  angle  A  equal  to  the  given 
angle,  take  AB  and  AC  equal  to  the  given  sides,  find 
the  point  D,  by  §1,  at  a  distance  from  B  equal  to  AG, 
and  at  a  distance  from  G  equal  to  AB.  Join  BD  and 
DG,  and  ABGD  is  the  parallelogram  required. 

a.  If  the  given  angle  is  a  right  angle,  the  figure 
is  a  rectangle ;  and,  if  the  adjacent  sides  are  also 
equal,  the  figure  is  a  square. 
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16.  Problem.  To  find  the  centre  of  a  given  circle 
or  of  a  given  arc. 

Solution.  Take  at  pleasure  three  points  A,  B,  G 
on  the  given  circumference  or  arc  ;  join  the  chords 
AB  and  BG,  and  bisect  them  by  the  perpendiculars 
DE  and  FG ;  the  point  0  in  which  these  perpendic- 
ulars meet  is  the  centre  required. 

17.  Find  by  the  same  construction  a  circle,  the 
circumference  of  which  passes  through  three  given 
points  not  in  the  same  straight  line. 

18.  Frohlem.  Through  a  given  point,  to  draw  a 
tangent  to  a  given  cii'cle. 

Solution.  If  the  given  point  A  is  in  the  circum- 
ference, draw  the  radius  GA,  and  through  A  draw 
AD  perpendicular  to  GA^  and  AD  is  the  tangent 
required. 

a.  If  the  given  point  A  is  without  the  circle,  join 
it  to  the  centre  by  the  line  AG ;  upon  ^C  as  a  diam- 
eter describe  a  circumference  cutting  the  given  cir- 
cumference in  M  and  N;  join  A3I  an  AN,  and  they 
are  the  tan?-ents  required. 

19.  Prohlem.  To  inscribe  a  circle  in  a  given  tri- 
angle ABG. 

Solution.  Bisect  the  angles  A  and  B  by  the  lines 
AG  and  BG,  and  their  point  of  intersection  0  is  the 
centre  of  the  required  circle,  and  a  perpendicular 
let  fall  from  G  upon  either  side  is  its  radius. 

a.  The  three  lines  AG,  BG,  and  GG,  Avhich  bisect 
the  thi'ee  angles  of  a  triangle,  meet  at  the  same  point. 

20.  Problem.  Upon  a  given  straight  line  AB,  to 
describe  a  segment  capable  of  containing  a  given  an- 
gle, that  is,  a  segment  such  that  each  of  the  angles  in- 
scribed in  it  is  equal  to  a  given  angle. 
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Solution.  Draw  BF,  making  tlie  angle  ^5i^ equal 
to  the  given  angle.  Draw  BO  perpendicular  to  BF, 
and  0(7  perpendicular  to  the  middle  of  AB.  From 
0,  the  point  of  intersection  of  OB  and  OG,  with  a 
radius  OB=OA,  describe  a  circumference. 

If  the  angle  ABF  is  a  right  angle,  the  required 
segment  is  a  semicircle.  If  angle  ABF  is  acut-e,  the 
segment  is  more  than  a  semicircle,  and  if  angle  ABF 
is  obtuse,  the  segmeiit  is  less  than  a  semicircle. 

21.  Pvohlem.  To  divide  a  given  straight  line  AB 
into  any  number  of  equal  parts. 

Solution.  Suppose  the  number  of  parts  is,  for  ex- 
ample, six.  Draw  the  indefinite  line  AO ;  take  AC 
of  any  convenient  length,  apply  it  six  times  to  AG. 
Join  B  and  the  last  point  of  division  D  by  the  line 
BD.,  draw  CE  parallel  to  DB.,  and  AE,  being  applied 
six  times  to  AB.,  divides  it  into  six  equal  parts. 

22.  Problem.  To  divide  a  given  line  AB  into 
parts  proportional  to  any  given  lines,  as  m,  n,  o,  etc. 

Solution.     Draw  the  indefinite  line  AO.     Take 

AC=m,  Gn=n,         DE=o,  etc. 

Join  B  to  the  last  point  E,  and  draw  CC,  DD', 
etc.,  parallel  to  BE.  C,  D',  etc.,  are  the  required 
points  of  division. 

23.  Prohlem.  To  find  a  mean  proportional  be- 
tween two  given  lines. 

Sohdion.  Draw  the  straight  line  AGB.  Take 
AG  equal  to  one  of  the  given  lines,  and  BC  equal  to 
the  other.  Upon  ACB  as  a  diameter  describe  the 
semicircle  ADB.  At  G  erect  the  perpendicular  CD, 
and  CD  is  the  required  mean  pi'oportional. 

24.  Prohlem.  To  divide  a  given  straight  line 
AGB  at  the  point  G  in  extreme  and  memi  ratio,  that  is, 
so  that  Ave  may  have  the  proportion  ; 
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AB:    AG=AG:   CB. 

Solution.  At  end  B  erect  the  perpendicular  BD 
equal  to  half  of  ACB.  Join  AD,  take  DE  from  D 
on  AD  equal  to  BD,  and  ^C  equal  to  AE,  and  C  is 
tlie  required  point  of  division. 

REGULAR    POLYGONS. 

Definitions.  A  regular  polygon  is  one  which  is  at 
the  same  time  equiangular  and  equilateral. 

Hence  the  equilateral  triangle  is  the  regular  polygon 
of  three  sides,  and  the  square  the  one  of  four. 

An  equilateral  polygon  is  one  which  has  all  its  sides 
equal ;  an  equiangular  polygon  is  one  which  has  all 
its  angles  equal. 

25.  Prohlem.  To  inscribe  a  square  in  a  given 
circle. 

Solution.  Draw  two  diameters  AB  and  CD  per- 
pendicular to  each  other  ;  join  AD,  DB,  DC,  CA  ; 
and  ADBC  is  the  required  square. 

26.  Prohlem.  To  inscribe  in  a  given  circle  a 
regular  hexagon. 

Solution.  Take  the  side  BC  of  the  hexagon  equal 
to  the  radius  AC  of  the  circle,  and,  by  applying  it  six 
times  round  the  circumference,  the  required  hexagon 
BCDEFG  is  obtained. 

27.  Prohlem.  To  inscribe  a  regular  decagon  in 
any  circle. 

Solution.  Divide  the  radius  of  a  (three-inch) 
circle  in  extreme  and  mean  ratio.      (Problem  24.) 

The  longer  part  is  equal  to  one  side  of  the  regular 
decagon  required.  Apply  it  ten  times  to  the  circum- 
ference, and  join  the  points  by  straight  lines,  making 
the  decagon. 

Make  a  pentagon  by  joining  the  alternate  vertices 
of  the  decagon. 
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28.  Prohlem.  To  circumscribe  a  circle  about  a 
given  regular  polygon  ABCD,  &c. 

Solution.  Find,  by  Problem  17,  the  circumference 
of  a  circle  which  passes  through  three  vertices  A, 
B,  G  ;  and  this  circle  is  circumscribed  about  the  given 
polygon. 

29.  Prohlem.  To  inscribe  a  circle  in  a  given 
regular  polygon  ABOD,  &c. 

Bisect  two  sides  of  the  polygon  by  perpendiculars, 
the  point  of  intersection  is  the  centre  of  the  required 
circle. 

The  sides  of  the  polygon  become  tangents  to  the 
circle. 

AREAS. 

Definitions.  Equivalent  figures  are  those  which 
have  the  same  surface. 

The  area  of  a  figure  is  the  measure   of  its   surface. 

The  unit  of  surface  is  the  square  whose  side  is  a 
linear  unit ;   such  as  a  square  inch  or  a  square  foot. 

The  area  of  a  square  is  the  square  of  one  of  its 
sides. 

A  parallelogram  is  equivalent  to  a  rectangle  of  the 
same  base  and  altitude. 

The  area  of  a  parallelogram  is  the  product  of  its 
base  by  its  altitude. 

Parallelograms  of  the  same  base  are  to  each  other 
as  their  altitudes  ;  and  those  of  the  same  altitude  are 
to  each  other  as  their  bases. 

All  triangles  of  the  same  base  and  altitude  are 
equivalent. 

The  area  of  a  triangle  is  half  the  product  of  its 
base  by  its  altitude. 

Every  triangle  is  half  of  a  parallelogram  of  the 
same  base  and  altitude. 
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The  area  of  a  trapezoid  is  half  the  product  of  its 
altitude  by  the  sum  of  its  parallel  sides. 

30.  Prohlem.  To  make  a  square  equivalent  to  the 
sum  of  two  given  squares. 

Solution.  Construct  a  right  angle  G  (see  fig.  3)  ; 
take  GA  equal  to  a  side  of  one  of  the  given  squares  ; 
take  GB  equal  to  a  side  of  the  other  ;  join  AB,  and 
AB  is  a  side  of  the  square  sought. 

A  square  may  be  found  equivalent  to  a  given  tri- 
angle, by  taking  for  its  side  a  mean  proportional 
between  the  base  and  half  the  altitude  of  the  triangle. 

A  square  may  be  found  equivalent  to  a  given  circle, 
by  taking  for  its  side  a  mean  proportional  between  the 
radius  and  half  the  circumference  of  the  circle. 


Orthographic  Projections. 


All  mechanical  drawing  is  founded  on  mathematics 
— principally  on  Plane,  Solid  and  Descriptive  Geom- 
etry. 

Drawings  are  so  made   as  to  present  to  the    eye 
situated  at  a  particular  point,  the  same  appearance  as 
the  magnitude  or  object   itself,  were   it  placed  in  the 
proper  position.     The  representations  thus  made  are 
the  projections  of  the  object. 

The  planes  upon  which  these  projections  are  usually] 
made  are  the  planes  of  projection.  The  point  at 
which  the  eye  is  situated  is  the  pjoint  of  sight. 

Dejinition.     When  the  point  of  sight  is  in  a  per- 
pendicular, drawn  to  the  plane  of  projection,  through | 
any  point  of  the  drawing,  and  at  an  infinite  distance] 
from  this  plane,  the  projections  are  Orthographic. 
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Definition.  When  the  point  of  sight  is  within  a 
finite  distance  of  the  drawing,  the  projections  are 
Scenographic,  commonly  called  the  Perspective. 

In  Orthographic  projection's,  three  planes  of  pro- 
jection   (sometimes  two   suffice)    are  used,   at   right 
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angles  to  each  other,  one  horizontal  and  the  other  two 
vertical,  called  respectively  the  horizontal  and  vertical 
planes  of  projection,  and  denoted  by  the  letters  Hand 
V. 

Let  a  plane  rectangular  cross  (fig.  5)  be  imagined 
self-suspended  near  a  lower  corner  of  a  room,  or 
between  three  sheets  of  paper,  placed  in  similar  posi- 
tion, namely  :  at  right  angles  to  each  other;  the  three 
principal  dimensions,  length,  breadth  and  thickness, 
of  the  cross  being  each  perpendicular  to  one  of  the 
sheets  of  paper — which  serve  as  the  three  planes  of 
projection.  As  indicated  by  the  dotted  lines,  let  per- 
pendiculars be  drawn  from  the  principal  points  of  the 
cross  to  each  plane  of  projection. 


Y 

? 

1 

i^ 
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Let  the  two  vertical  sheets  be  now  laid  down  on  a 
table,  keeping  the  top  of  the  cross  in  line  on  both. 
Now  (fig.  4)  we  have  the  three  projections  of  the 
cross  on  one  plane  in  the  manner  in  which  it  is  proper 
to  represent  them  as  Orthographic  projections. 
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[t  is  easily  seen  that  neither  of  these  projections  is 
a  correct  representation  of  the  cross  as  we  see  it,  and 
also,  that  collectively  the  three  projections  truly  a 
represent  the  cross  in  length,  breadth  and  thickness. 
Here  then  is  the  value  of  this  method  of  representing 
objects. 

All  that  these  projections  need  to  make  them  work- 
ing drawings,  are  the  dimensions  in  figures.  The 
projection  on  J?  is  called  the  Plan,  and  the  two  on  V 
and  P,  are  called  Elevations. 

The  representation  in  (fig.  6)  is  in  Perspective. 
Figures  1  and  2  represent  the  whole  principle  in  the 
same  manner. 

GROUND     LINE. 

It  is  to  be  observed  that  the  line  which  (in  fig.  5) 
is  made  by  the  intersection  of  iiTand  F,  is  preserved 
in  fig.  4.  It  is  called  the  Ground  Line.  The  repre- 
sentations of  the  object  above  the  Ground  Line  are 
called  Elevations,  and  the  one  below  is  called  the 
Plan,  of  the  object. 


9.       W.      //. 
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Returning  now  to  fig.  5,  it  will  be  seen  that  the 
Plan  is  drawn  upon  the  plane  you  look  down  upon, 
and  the  elevations  upon  planes  you  look  upon  hori- 
zontally. 
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After  a  little  experience,  the  Ground  Line  becomes 
as  imaginary  as  the  Equator,  but  like  the  latter  serves 
its  purpose. 

Fig.  6  represents  in  Plan  and  Elevation  a  triangu- 
lar prism,  fig.  7  a  rectangular  prism,  fig.  8  a  square 
pyramid,  fig.  9  a  hexagonal  pyramid,  fig.  10  a  right 
cylinder,  and  fig.  11a  cone. 

These  names,  objects  and  representations  should  be 
kept  in  luind,  for  they  will  be  referred  to  many  times. 

So  far  we  have  confined  ourselves  to  projections  of 
objects  placed  at  right  angles  to  the  planes  of  projec- 
tion, but  it  will  be  easily  understood  that  in  making 
drawings  of  machines  or  houses,  we  shall  find  many 
lines  which  are  not  so  related  to  natural  planes  of  pro- 
jection already  described.  For  an  example,  let  us 
take  the  rectangular  prism  (fig.  7)  just  used.  To 
keep  us  in  the  right  way,  we  figure  the  corners  of  the 
front  side  (fig.  12).  In  the  plan  the  figures  double, 
but  make  no  confusion  so  long  as  we  have  the  Eleva- 
tion to  look  at. 

Tip  the  prism  now,  so  that  the  base  line  3,  4  will 
make  an  angle  of  30°  with  the  ground  line,  keeping 
the  plane  of  the  face  1,  2,  3,  4,  parallel  to  the  ground 
line. 

To  make  a  plan  of  the  prism  in  this  new  position  : 
As  the  difl^erent  representations  or  views  of  an  object 
are  supposed  always  to  be  in  positions  perpendicular 
to  each  other,  the  corner  1,  for  example,  will  be  found 
in  a  perpendicular  to  ground  line.  As  the  prism  was 
not  inclined  to  the  vertical,  plane,  the  desired  corner 
will  be  found  in  a  line  thi'ough  1  of  the  plan,  parallel 
to  the  ground  line. 

The  perpendicular  from  1  in  the  elevation,  and  the 
parallel  from  1  in  the  plan  meet,  making  1  of  the  new 
plan. 

In  the  same  way  seven  other  corners  are  found  and 
the  new  plan  finished. 
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We  have  now  two  views  of  the  prism  as  it  is  in- 
clined to  H.  Move  this  new  plan  to  the  right  and 
incline  it  to  V  at  an  angle  of  45°.  Now  from  the 
third  plan  draw  a  perpendicular,  and  from  the  second 
elevation  draw  a  parallel  from  corner  1.  The  point 
in  which  these  two  lines  meet  is  corner  1  in  the  third 
elevation.  One  by  one  seven  other  points  may  be 
found,  completing  the  elevation  of  the  prism  as  it 
appeal's  inclined  to  both  planes  of  projection. 

This  work  brings  us  to  a  point  where  we  may 
attempt  the  problem  known  as:  ''To  find  the  true 
length  of  a  line." 

In  the  plan  of  fig.  9  it  is  clear  that  the  lines  BE 
and  GE  forming  two  sides  of  one  triangular  face  of 
the  pyramid,  are  not  seen  in  their  true  length.  AE 
and  ED  are  projected  in  their  full  lengths  on  F, 
because  their  projections  on  H  are  parallel  to  GL. 

By  the  plan  it  will  be  seen  that  E  is  equally  distant 
from  ABC  and  D. 

Turn  the  prism  on  its  perpendicular  axis  until  G 
occupies  position  now  occupied  by  E.  EG  now  being 
parallel  to  the  ground  line  will  be  projected  on  V  iu 
its  true  length. 

Note:  £^ is  supposed  to  be  at  the  apex  of  the  pyramid, 
with  A,  B,  C  and  D  at  the  corners  beginning  with  A  at  the 
extreme  left,  B  and  C  at  tlie  bottom,  and  D  at  tlie  right. 

Suppose  now  a  more  difficult  problem :  That  Ave 
were  required  to  find  the  length  of  the  line  1 ,  4  in  the 
third  elevation  of  the  rectangular   prism    (fig.  12). 

First,  revolve  the  prism  into  the  second  jiosition  (of 
fio-.  12)  with  the  plan  of  1,  4  parallel  to  GL. 
From  1  and  4  of  this  second  position  draw  perpendic- 
ulars to  GL,  and  from  1  and  4  of  the  third  elevation 
draw  parallels  to  GL  ;  their  intersections  will  be  at  the 
ends  of  1,  4  of  the  line  in  its  true  length. 


25 
CONIC    SECTIONS. 


The  conic  sections  are  so  called  because  tliey  are 
sections  of  a  cone. 

We  have  had  a  definition  of  a  plane.  Imagine  two 
such  surfaces  passed  through  a  solid,  at  a  distance 
fi'om  each  other  of  less  than  the  thousandth  part  of  an 
inch.  The  slice  of  the  solid  between  the  planes  is 
termed  a  Section.  The  Conic  Sections  are  taken 
from  a  right  cone  and  are,  the  Triangle,  Circle,  Ellipse, 
Parabola,  and  Hyperbola.  The  Triangle  is  a  section 
cut  from  a  cone  by  two  planes  passed  through  the  apex 
perpendicular  to  the  base. 

A  Circle  is  a  section  of  a  right  cone  cut  at  right 
angles  to  the  axis. 

The  Ellipse  is  a  curved  section  cut  at  any  angle  to 
the  axis,  large  enough  to  cut  both  sides  of  the  cone. 
.  The  Hyperbola  is  a  curved  section  cut  from  the 
cone  parallel  to  the  axis  and  perpendicular  to  the 
base. 

The  Parabola  is  a  curved  section  cut  from  a  right 
cone  parallel  to  one  of  the  sides  as  it.  appears  in  eleva- 
tion. 

Intersections  and  Developments, 

As  the  memory  will  easily  recall,  there  are  many 
lines  seen  on  a  manufactured  article,  or  on  a  drawing 
of  it,  that  are  not  lines  of  any  individual  part  of  the 
article,  but  lines  that  occur  where  two  or  more  forms 
intersect  or  join  each  other.  Such  lines  are  called 
intersection  lilies. 

Intersections  is  the  name  given  to  that  part  of  geo- 
metrical drawing  that  treats  of  the  intersection  lines 
and  their  correct  delineation. 

It  will  be  seen  at  once  that  a  thorough  knowledge 
of  geometrical  solids  will  be  necessary  to  the   student 
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who  desires  to  take  a  full  course  in  intersections.  On 
the  other  hand,  we  all  have  a  fair  understanding  of 
many  geometrical  forms  that  meet  our  eyes  in  combi- 
nation every  day,  and  with  these  we  will  make  a 
beginning. 

We  will  suppose  a  triangular  prism  passed  through 
a  right  cylinder  (fig.  13). 

First  make  a  plan  and  two  elevations  of  the  cylin- 
der. In  the  middle  of  tlie  elevation  which  is  pro- 
jected from  the  plan,  draw  the  end  elevation  of  the 
prism. 


Now  draw  the  plan  assuming  that  the  prism  projects 
from  the  cylinder  at  either  side,  and  that  centre  line  of 
prism  and  cylinder  coincide  in  Z),  E^  C 

In  the  side  elevation  it  is  evident  that  thei'e  will  be 
an  intersection  line  ;  that  none  appears  in  the  plan  and 
end  elevation  is  evident  because  in  the  plan  it  coincides 
with  the  outline  of  the  cylinder,  and  in  the  end  eleva- 
tion it  coincides  with  the  outline  of  the  prism. 

We  can  lay  out  the  top  and  bottom  lines,  and  ends 
on  the  side  elevation  from  the  other  views.  The  point 
where  the  lower  line  of  the  prism  pierces  the  cylinder 
is  found  as  follows  :     In  the  plan  draw  the  line  Z,  N, 
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perpendicular  to  the  diameter  Z,  0,  through  the  point 
where  the  prism  pierces  the  cylinder. 

Lay  off  the  distance  A,  0  from  X  to  Y,  the  latter 
being  the  desired  point. 

The  top  point  of  the  intersection  line  is  on  the  cir- 
cumference. To  find  other  points  in  the  intersection 
line,  pass  the  planes  1  and  2  and  proceed  in  the  same 
way  as  in  the  case  of  the  bottom  line. 

It  is  now  required  to  develop  the  surface  of  the 
cylinder.  In  mechanical  drawing  this  means  to  draw 
an  equivalent  plane  figure.  This  may  be  illustrated 
by  fitting  the  cylindrical  surface  with  a  covering  of 
paper.  When  thio  paper  is  unrolled  and  spread  on  a 
table,  we  have  a  surface  equivalent  to  that  of  the 
cylinder.  It  is  now  required  to  outline,  in  this  devel- 
opment of  the  cylinder,  the  hole  that  the  prism 
makes.  Let  ^4,  H  (fig.  13)  represent  part  of  the  devel- 
opment of  the  cylinder.  Let  a  perpendicular  at  D, 
represent  the  axis  of  the  prism.  Lay  off  the  arc  L, 
J/ developed  as  a  straight  line  on  each  side  of  the  axis, 
making  the  line  i?,  P.  The  tliird  corner  is  found  on 
the  axis  at  the  altitude  of  the  prism  from  B^  P.  Inter- 
mediate points  are  laid  oft'  from  the  axis  on  traces  of 
the  planes  1  and  2  in  the  same  manner. 

Any  boiler  maker  will  understand  tlie  value  of  these 
operations.  To  be  able  to  lay  out  on  a  sheet  of  iron 
the  size  and  shape  of  hole  necessary  to  fit  on  a  pipe 
or  manhole  after  the  boiler  is  made,  will  sometimes 
help  a  man  a  good  step  toward  success. 


Isometric  Projections, 


An  isometrical  drawing  is  one  that  shows  three 
sides  of  a  solid  body  in  one  view. 

Let  three  straight  lines  be  drawn  intersecting  in  a 
common  point  and  perpendicular  to  each  other,  two  of 
them  being  horizontal  and  the  third  vertical ;  like  the 
three  adjacent  edges  of  a  cube. 

Then  let  a  fourth  straight  line  be  drawn  through 
the  same  point,  making  equal  angles  with  the  first 
three,  as  the  diagonal  of  a  cube.  If  now  a  plane  be 
passed  perpendicular  to  this  fourth  line,  and  the 
straight  lines  and  other  objects  be  orthographically 
projected  upon  it,  the  projections  are  called  Isometric. 

The  three  straight  lines  first  drawn  are  the  co-ordi- 
nate axes  ;  and  the  planes  of  these,  taken  two  and 
two,  are  the  co-ordinate  planes.  The  common  point 
is  the  origin.      The  fourth  line  is   the   Isometric  Axis. 

Since  the  co-ordinate  axes  make  equal  angles  with 
each  other,  and  with  the  plane  of  projection,  it  is  evi- 
dent that  their  projections  will  make  equal  angles  with 
each  other,  two  and  two,  that  is,  angles  of  120°. 
Hence,  fig.  14,  if  any  three  straight  lines,  as  Ax.,  Ay 
and  Az^  be  drawn  through  the  point  A,  making  with 
each  other  angles  of  120°,  these  may  be  taken  as  the 
projections  of  the  co-ordinate  axes,  and  are  the  direc- 
trices of  the  drawing. 

It  is  further  evident,  that  if  any  equal  distances  be 
taken  on  the  co-ordinate  axes,  or  on  lines  parallel  to 
either  of  them,  their  projections  will  be  equal  to  each 
other,  since  each  projection  will  be  equal  to  the 
distance  itself  into  the  cosine  of  the  angle  of  inclina- 
tion of  the  axes  with  the  plane  of  projection. 
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The  angle  whicli  the  diagonal  of  a  cube  makes  witli 
either  adjacent  edge  is  known  to  be  5-4°  4-1' ;  therefore 
the  angle  which  either  edge,  or  either  of  the  co-ordi- 
nate axes,  makes  with  the  plane  of  projection  will  be 
the  complement  of  this  angle,  viz.,  35°  16'. 

If  a  scale  of  equal  parts  be  constructed,  the  unit  of 
the  scale,  being  the  projection  of  any  definite  part  of 
eitlier  co-ordinate  axis,  as  one  inch,  or  one  foot,  will 
be  one  inch  multiplied  by  the  natural  cosine  of  35° 
16'.  We  may  from  this  scale  determine  the  true 
length  of  the  isometric  projection  of  any  given  portion 
of  either  of  the  co-ordinate  axes,  or  of  lines  parallel 
to  them,  by  taking  from  tlie  scale  the  same  number  of 
units  as  the  number  of  inches  or  feet  in  the  given 
distance.  Conversely,  the  true  length  of  any  line  in 
space  may  be  found  by  applying  its  projection  to  the 
Isometric  scale,  and  taking  the  same  number  of  inches 
or  feet,  as  the  numbei'  of  parts  covered   on   the  scale. 

Or  :  'J'he  Isometrical  length  of  a  line,  is  the  true 
length  of  a  line  multiplied  by  the  natm-al  cosine  of 
35°  16'.  Now  this  cosine  is  .816  ;  hence,  if  we  mul- 
tiply the  true  length  of  a  line — say  one  inch  long — by 
.816,  Ave  will  get  the  isometrical  length  of  the  line, 
that  is,  one  inch  multiplied  by  .816,  which  equals  .816 
(tliousandths)  of  an  inch,  or  about  (yf )  thirteen  six- 
teenths of  an  inch. 

Now,  if  we  have  a  35°  16'  triangle,  and  a  scale 
thirteen  sixteenths  full  size,  we  have  the  special  tools 
necessary  to  make  an  isometrical  drawing. 

A  much  easier  way  is  generally  adopted. 

It  is  customary  to  use  a  30°  ti'iangle  in  place  of  a 
35°  16'  triangle,  and  a  full  size  scale  in  place  of  a  \^ 
scale. 

Since  in  most  of  the  frame  work  connected  with 
machinery,  and  in  various  kinds  of  buildiugs,  the 
principal  lines  to  be  represented,  occupy  a  position 
similar  to  the  co-ordinate  axes,  namely,  perpendicular 
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to  each  other,  one  system  being  vertical,  and  two 
others  horizontal,  the  isometric  projection  is  used  to 
great  advantage  in  their  representation.  A  still 
greater  advantage  arises  from  the  fact  that  in  a  draw- 
ing thus  made,  all  lines  parallel  to  the  directrices  are 
constructed  on  a  full  size  scale. 

If  the  isometrical  projection  of  a  point  be  required, 
the  following  operation  is  sufficient : 


Thus  in  fig.  14,  let  AZ^  ^Fand  AXhQ  the  direc- 
trices, A  being  tlie  projection  of  the  origin.  On  A^ 
y,  lay  off  A^  P  equal  to  the  distance  of  the  point  from 
the  co-ordinate  plane  Y,  Z. 

Through  P  draw  P,  M'  parallel  to  A,  y  and  make 
it  equal  to  the  distance  of  the  point  from  the  plane 
XZ. 

Through  M',  draw  M',  M  parallel  to  AX  and  make 
it  equal  to  the  third  given  distance,  and  M  will  be  the 
required  projection. 

The  projection  of  any  straight  line  parallel  to  either 
of  the  co-ordinate  axes  may  be  constructed  by  finding, 
as  above,  the  projection  of  one  of  its  points,  and 
drawing  through  this,  a  line  parallel  to  the  proper 
directrix. 

If  the  line  is  parallel  to  neither  of  the  axes,  the 
projections  of  its  ends  may  be  found,  as  above, 
and  joined  by  a  straight  line,  which  will  be  the 
projection  required. 

The  projections  of  curves  may  be  constructed  by 
finding  a  sufficient  number  of  the  projections  of  their 
points. 
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PROBLEM. 


To  construct  the  isometric  projection  of  a  cube. 
Let  the  origin  be  taken  at  one  of  the  upper  corners  of 
the  cube,  the  base  being  horizontal,  and  let  AX,  AY 
and  AZ  (fig.  14)  be  the  directrices. 

From  A,  on  the  directrices,  lay  off  the  distances 
AX,  AZ  and  AY,  each  equal  to  the  length  of  the  edge 
of  the  cube. 

These  lines  will  be  the  projections  of  the  three  edges 
of  the  cube  which  intersect  at  A.  Through  X,  Y 
and  Z  draw  ^e,  Xg,  Ye,  Yc,  Zc  and  Zg,  parallel  to 
the  directrices,  completing  the  three  equal  rhombuses 
A,  X,  e,  y,  etc. 

These  will  be  the  projections  of  the  three  faces  of 
the  cube — which  are  seen — and  the  representation  will 
be  complete. 


Working  Drawings, 


It  is  the  opinion  of  the  author  that  a  fair  under- 
standing of  the  principles  touched  upon  in  previous 
chapters  is  necessary  to  enable  an  ordinary  draughts- 
man to  do  his  work  ;  and  conversely,  having  such  un- 
derstanding he  will  be  able  to  make  good  working 
drawings.  A  ivorking  drmvivg  is  a  drawing  made 
for  workmen  to  use  in  making  the  thing  drawn.  A 
working  drawing  should  represent  clearly  the  form, 
material  and  dimensions  of  the  thing  to  be  con- 
structed. The  design  must  be  made  perfectly  correct^ 
because  from  it  are  taken  the  dimensions  for  the 
working  drawing.  Dimensions  should  be  taken  sev- 
eral times  befoi-e  being  put  on  a  drawing  and  the 
workman  required  to  work  from  the  dimensions  ;  this 
requirement  is  necessary  because  the  paper  on  which 
a  drawing  is  made  will  shrink  and  swell  with  the 
changes  in  the  weather,  making  it  untrustworthy  as  a 
guide  to  correct  figuj-es.  It  will  be  noted  from  what 
has  been  said  that  the  most  important  part  of  a  work- 
in-j  drawing  is  the  dimensions. 

A  sheet  of  working  drawings  should  always  bear  a 
a  title — if  possible  in  the  lower  I'ight  hand  corner.  The 
title  should  ansAver  with  utmost  brevity  the  following 
questions:  What  is  it?  What  scale?  When  and 
who  by?  Some  manufacturers  require,  in  addition, 
the  name  of  the  firm  and  the  number  of  sheets  of 
woi'king  drawings  to  complete  the  machine. 

Figure  15  is  a  working  drawing  for  a  small  journal 
or  box.  It  will  be  noticed  that  all  necessary  figures 
are  given,  and  no  more  except  in  one  case.  It  is  best 
to   make   as   few  figures  as  possible  consistent  with 
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clearness.  Figures  should  not  disfigure  the  outlines 
of  the  drawing,  and  should  be  placed  as  nearly  as 
possible  in  the  place  in  which  they  would  naturally  be 
found.  It  would  be  easy  to  write  many  pages  of 
sound  instruction  in  the  art  of  makinii  working  draw- 


ings, and  the  matter  would  be  almost  as  easily  forgot- 
ten. It  is  better  to  fasten  the  necessary  principles  and 
manipulations  in  the  memory  by  actual  practice  in 
making  drawings,  with  the  help  of  a  teacher. 
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Design. 


Havino;  learned  to  make  workino;  drawings,  there  is 
a  natural  desire  to  take  the  next  step,  and  learn  to 
design  the  biiildii]gs  or  machines  that  require  the  ex- 
planatory working  drawing.  The  designing  of  cams 
and  gearing  will  be  explained,  and  a  finished  design  is 
shown  of  a  machine  designed  to  roll  hot  bar  steel  into 
finished  forgings  for  the  market.  While  it  is  not  the 
custom  to  shade  such  designs,  the  present  one  is  so 
finislied  to  give  the  student  some  instruction  in  that 
art. 

In  the  subjects  just  mentioned  much  will  be  learned, 
incidentally,  of  designs,  in  a  class  of  facts  that  soon 
become  common-place  to  the  draughtsman  or  designer, 
but  are  as  necessary  to  him  as  his  paper. 

A  good  working  table  of  strength  of  materials  is 
given,  but  it  is  beyond  the  scope  of  this  work  to  teach 
a  subject  that  requires  original  thought  and  oftentimes 
oriojinal  research. 
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CAMS. 


The  subject  of  cams  is  taken  up  here  because  it  is 
easy  of  mastery,  couveuieut  of  application  and  eco- 
nomical in  use. 

Definition:  (Worcester.)  "Cam  Wheel — A 
wheel  formed  so  as  to  move  eccentrically,  and  produce 
a  reciprocating  and  interrupted  motion  in  some  other 
part  of  machinery  connected  Avith  it." 

This  is  rather  misty  for  a  definition,  but  is  as  good 
as  may  be  found  outside  regular  mechanical  writing. 

On  the  cam  sheet,  fig.  1  shows  the  simplest  form  of 
cam,  sometimes  called  a  wiper.  The  part  moved  by  it 
is  kept  in  contact  with  it  by  a  spring  or  by  its  own 
weight.  The  outline  is  generally  similar  to  that  of 
fig.  1 .  The  width  of  face  is  proportioned  to  the  work 
to  be  done.  This  form  of  cam  is  often  used  for  trip 
hammers.  Fig.  2  shows  a  path  cam.  A  "ball,"  as 
it  is  called,  being  in  fact  a  right  cylinder,  moves  in  the 
curved  path  as  the  cam  wheel  revolves,  and  gives  any 
points  of  the  connected  arms  or  link  Avork,  a  positive 
and  regularly  irregular  motion.  This  last  phrase, 
"  regularly  irregular  motion,"  is  used  in  deference  to 
tiie  common  expression  used  in  speaking  of  revolu- 
tionary movements. 

In  the  popular  acception  of  the  term,  such  move- 
ments are  "  regular  "  when  in  circles  or  arcs  of  circles, 
and  "irregular"  otherwise.  You  will  learn,  how- 
ever, that  cam  movements  may  be  as  regular  as  crank 
movements  —  indeed,  a  crank  cam  is  not  difficult  of 
design  or  construction. 
4 
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To  return  now  to  the  cam  represented  by  fig.  2. 

The  cam  roll  in  this  case  is  fixed  at  the  end  of  one 
arm  of  a  bell  crank.  As  the  cam  revolves,  the  crank 
swings  through  an  arc  about  its  axis  X.  By  chang- 
ing the  proportionate  length  of  the  arms  of  the  bell 
crank,  the  motion  of  the  knife  T  may  be  n^ade  propor- 
tionately faster  or  slower  than  that  of  the  roll.  On 
the  chart,  the  length  of  cam  lever  is  taken  to  be  equal 
to  the  distance  from  the  point  of  support  X,  of  the 
bell  crank  to  the  centre  of  the  cam. 

As  the  roll  travels  in  or  out  from  the  centre  of  the 
cam,  it  always  moves  in  an  arc  of  a  circle  of  this 
radius. 

If  the  point  of  support  be  changed,  this  radius  is 
not,  in  platting  the  position  of  the  roll  in  its  successive 
stages.  Shortening  LX,  quickens  the  movement  of 
T,  but  decreases  its  power.  Lengthening  LX,  makes 
T  move  slower,  increasing  its  power.  The  whole 
arrangement  is  similar  to  that  used  in  paper  folding 
machines, 

To  design  the  cam,  we  must  know  first,  direction, 
amount  and  velocity  of  movement  required  of  T,  then 
points  X  and  Y  are  selected  —  and  this  part  of  the 
work  is  generally  veiy  troublesome  —  after  which  the 
size  and  "  throws  "  of  the  cam  must  be  so  made  as  to 
accomplish  the  work.  Sometimes  the  space  available 
for  a  cam  is  much  smaller  than  the  movement  required 
from  it,  in  which  case  the  throws  are  timed  correctly 
and  the  rest  of  the  problem  solved  in  the  link  work. 
In  the  chart  it  is  assumed  that  the  forward  stroke  or 
work  of  the  cam  must  be  accomplished  in  one-eleventh 
of  a  revolution  of  the  cam,  after  which  T  is  returned 
easily  to  its  position  of  rest  of  one-half  revolution. 

Much  care  must  be  taken  in  turning  the  corners 
between  the  radial  arcs  15  and  20.  If  a  too  quick 
turn  is  attempted  the  roll  will  bind.  The  circles  in 
the  path  of  the  cam  roll  represent  some  of  its  positions. 
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Where  the  change  of  direction  of  the  path  is  rapid, 
these  positions  must  be  near  each  other.  If  each  one 
of  these  circles  shows  a  part  of  its  circumference 
beyond  all  others  on  the  inside  Hue  of  the  path  of  the 
cam,  the  curve  in  the  path  is  possible — that  is,  pi'acti- 
cable. 

There  are,  then,  but  two  indispensable  principles  to 
be  kept  in  mind  while  laying  out  the  path  of  a  cam 
of  this  kind. 

1st.  That  during  the  change  of  direction  of  motion, 
the  successive  positions  of  the  cam  roll  must  be 
accurately  platted. 

2d.  That  each  of  these  successive  positions  must 
form  an  integral  part  of  the  path.  These  two  laws 
apply  also  to  frog  cams,  for  if  that  part,  of  this  path 
cam,  which  is  outside  the  inside  line  of  the  path  were 
cut  away,  the  remainder  would  be  a  frog  cam. 

Figures  3  and  4  are  side  and  section  views  of  a 
"square"  cam  with  its  immediate  attachment,  the 
"  yoke."  This  cam  is  often  used  in  sewing  machines 
and  boot  and  shoe  machinery. 

In  the  position  shown,  the  upper  and  lower  quad- 
rants are  arcs  of  circles,  having  the  axis  of  the  cam 
for  a  centre,  and  are,  in  cam  language,  "  rests." 
This  is  an  unfortunate  term  here,  for  this  cam  has  no 
rest,  nor  gives  any  to  its  attachments. 

The  secrets  of  drawing  of  this  cam  are  but  two  : 

1st.  There  is  a  point  on  each  of  the  diagonals 
EF^  IH^  which  is  a  centre  for  two  arcs  of  circles, 
each  forming  a  part  of  the  required  cam  outline. 

2d.  The  snm  of  the  radii  of  these  two  arcs  is 
equal  to  the  sum  of  the  radii  of  the  two  arcs  of  "  rest." 

Simple  accuracy  of  di-awing  is  all  that  is  required, 
in  addition  to  above   information  to  produce  this  cam. 

The  cam  K^  on  the  chart,  will,  by  means  of  its 
yoke  pivoted  at  N,  describe  the  "square"  figure 
H'E'I'F'.     Tiiis  sort  of  motion  is   made   exceedingly 
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simple,  by  means  of  this  "square"  cam,  but  is  often 
accomplished  by  expensive  link  work. 

Figures  o,  6  and  7  show  an  edge  cam  and  methods 
used  in  its  design.  Fig.  5  shows  it  in  connection  with 
roll  and  lever.  Fig.  6  shows  the  ordinary  division  of 
the  circumference  into  8  divisions  of  45°  each.  Fig. 
7  shows  the  development  of  the  circumference  with  the 
path  traced  upon  it.  The  largest  diameter  of  the  roll 
is  used  in  tracing  the  path.  It  is  assumed  that  three 
throws  and  three  rests  are  required. 

The  first  quarter,  1  to  3,  is  a  rest  in  the  middle  of 
the  lever  angle.  In  the  next,  8th  revolution,  (3  to  4), 
the  lever  takes  its  extreme  "  back  "  position.  The 
next  quarter,  4  to  6,  is  a  rest  in  this  extreme  position. 
In  the  next  quarter,  6  to  8,  the  work  is  supposed  to  be 
executed. 

The  whole  throw  forward  is  effected,  at  an  easy  an- 
gle in  one  quarter  revolution.  One  sixty-fourth  rest 
is  given  to  hold  the  work,  and  seven  sixty -fourths  rev- 
olutions returns  the  lever  to  its  first  position. 

It  will  be  noticed  that  the  cam  roll  for  this  cam  is 
conical.  This  is  necessary,  because  that  part  of  the 
roll  nearest  A  must  travel  a  much  greater  distance 
than  the  end  nearest  the  centre  of  the  cam.  Now 
that  your  attention  is  called  to  the  fact,  you  will  readily 
comprehend  this  necessity  ;  but  there  are  many  cams 
of  this  kind  rimning  with  rolls  that  are  right  cylin- 
ders simply  because  their  designers  foi-got  this  simple 
fact.  In  fig.  5  the  cam  lever  is  shown  at  point  1 ,  with 
the  centre  line  of  the  lever  passing  through  the  centre 
line  of  the  throw  of  the  cam.  From  3  to  4  the  roll 
drops  seven-sixteenths  of  an  inch,  and  from  4  to  6  the 
lever  makes  an  angle  with  the  centre  line  of  the  cam, 
as  is  shown  by  the  dotted  line  drawn  from  A'  to  the 
correct  position  of  the  roll. 

In  laying  out  the  cui'ves  of  the  cam  ])ath  at  the 
ends  of  the  "  throws,"  much  care  must  be  taken  not 
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to  have  sharp  angles.  The  centre  line  is  laid  out  — 
that  is  —  the  centre  line  of  movement.  The  changing 
of  this  line  from  a  rest  to  a  throw,  or  the  reverse,  is 
always  made  in  the  arc  of  a  circle.  The  radius  of 
this  arc  must  be  at  least  one-eighth  of  an  inch  larger 
than  the  largest  radius  of  the  cam  roll.  This  ensures 
a  round  corner  for  the  roll.  It  is  better,  where  possi- 
ble, to  make  this  arc  one-quarter  of  an  inch  larger  than 
the  radius  of  the  roll.  Tlie  change  in  direction  of  this 
centre  line  can  never  be  over  45°  for  forward  or  work- 
ing throws.     30°  angles  should  not  be  exceeded. 

With  these  descriptions  of  the  work  on  the  chart, 
and  with  the  chart  before  you,  your  foundation  is  laid 
for  an  easy  mastery  of  all  the  principles  involved. 

AYhen  cams  are  to  be  cut,  it  is  best  to  make  the  for- 
mer—  called  tlie  "leader"  in  this  case  —  much  larger 
than  the  cam,  so  as  to  avoid  inaccuracies  and  unsteady 
lines  in  the  cam.  The  cam  blank  is  also  marked. 
This  is  accomplished  by  duplicating  the  development 
on  a  piece  of  thin  tin,  which  is  then  fastened  to  the 
blank  and  the  outline  prick-punched  through.  Some- 
times the  development  is  on  strong  manilla  paper,  which 
is  wi'apped  on  tlie  cam  and  pricked  through. 

Edge  cams  are  generally,  and  path  cams  always, 
cast  with  the  path  in  them.  Face  cam  patterns  and 
castings  are  sometimes  made  so  nicely  that  a  cold- 
chisel  and  file  will  in  a  very  few  iiiinutes  smooth  the 
casting  sufficient  for  the  roll.  Such  cams  wear  a  long- 
time. 

Usually  cams  are  cut  from  leaders  of  double  their 
size.  These  leaders  are  disks  of  cast  iron,  half 
an  inch  thick,  turned  smoothly  and  emery -polished,  so 
that  the  scriber  lines  may  be  seen  easily.  The  leader 
for  such  a  cam  as  No.  5,  for  example,  would  be  a 
plain  disk  eight  inches  in  diameter  with  the  throw  of 
seven- eighths  of  an  inch  and  two  throws  of  seven - 
sixteenths  of  an  inch  laid  oflP  on  its  edge.     This,  when 
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ready  for  work,  would  not  bear  the  slightest  resem- 
blance to  the  cana  —  except  that  its  peripliery  would 
be  a  transcript  of  the  cam's  path.  From  this  descrip- 
tion the  common  method  of  laying  out  cam  leaders  is 
easily  understood. 


GEARING, 


In  this  chapter  the  student  may  find  1st,  a  clear  in- 
dication of  methods  of  drawing  three  kinds  of  gear 
teeth.  2d,  a  diagram  and  its  description  by  Avhich 
gear  wheels  may  be  proportioned  ;  and  3d,  a  few  prac- 
tical hints.  Several  standard  works  have  been  con- 
sulted, especially  the  treatise  published  by  the  Brown 
&  Sharpe  Mfg.  Co.,  from  which  are  taken,  by  permis- 
sion, methods  for  delineating  single-curve  and  invo- 
lute forms  of  teeth,  and  also  useful  formulas  and 
explanations.  While  a  larger  portion  of  the  space  is 
used  in  describing  methods  used  in  drawing  teeth  than 
in  explanation  of  the  designing  of  gears,  the  student 
should  direct  his  chief  thought  to  the  latter  v^^ork,  since 
there  are  several  manufacturers  who  make  better  gear 
teeth  than  any  inexperienced  man  can  hope  to. 

Let  us  imagine  two  cylinders,  mounted  on  parallel 
axes,  having  their  convex  surfaces  in  contact.  If 
now  we  turn  one  cylinder,  the  adhesion  of  its  surface 
to  the  surface  of  the  other  Avill  make  that  turn  also. 
The  surfaces  touching  each  other,  if  there  is  no  slip, 
will  evidently  move  through  the  same  distance  in  a 
given  time.  This  surface  speed  is  called  linear  velocity . 
Linear  velocity  is  the  distance  a  point  moves  in  a  given 
direction  in  a  given  time.  These  cylinders  in  turning 
about  their  axes  also  pass  through  angles  whose  verti- 
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ces  are  at  the  axes  of  the  cylinders.  The  angular  dis- 
tance passed  tlirougli  in  a  given  time  is  called  angular 
velocity.  If  one  cylinder  is  twice  as  large  as  the 
other,  the  smaller  will  make  two  tm-ns  while  the  larger 
makes  one,  but  the  linear  velocity  of  the  cylinders  is 
equal. 

This  combination  would  be  a  very  useful  one  in 
mechanism  if  we  could  be  sure  that  the  cylinders  would 
not  slip  on  each  otlier. 

Let  us  imagine  grooves  cut  on  the  circumferences  of 
■  the  cylinders  of  a  size  equal  to  the  spaces  between  the 
grooves,  and  the  material  taken  out  in  making  the 
groove  placed  on  the  spaces  between  the  grooves.  The 
spaces  are  called  lands,  and  the  parts  placed  upon  them 
addenda.  A  land  and  its  addendum  is  called  a  tooth. 
A  toothed  cylinder  is  called  a  gear.  Two  or  more 
gears  with  teeth  interlocking  are  called  a  train.  The 
circumference  of  the  cylinders,  without  teeth,  is  called 
the  jiitcli  circle.  This  circle  exists  geometrically  in 
every  gear  and  is  called  the  pitcli  circle,  or  the  primi- 
tive circle.  In  the  study  of  gear  wheels  it  is  the  prob- 
lem to  so  shape  the  teeth  that  the  pitch  circles  will  just 
roll  on  each  other  without  slipping. 

The  groove  between  two  teeth  is  called  a  space.  In 
cut  gears  the  width  of  space  and  thickness  of  tooth  at 
pitch  line  are  equal. 

The' circular  pitch  is  \X\e  distance  measured  on  the 
pitch  line,  or  pilch  circle,  Avhich  embraces  a  tooth  and 
a  space.  In  cast  gears  the' tooth  is  from  .46  to  .48  of 
the  circular  pitch. 

If  we  conceive  the  pitch  of  a  pair  of  gears  to  be 
the  smallest  possible,  we  finally  reduce  the  teeth  to 
mere  lines  on  the  original  pitch  surfaces.  These  lines 
are  called  elements  of  the  teeth.  Gears  may  be  classi- 
fied with  relation  to  the  elements  of  their  teeth,  and 
also  with  relation  to  the  direction  of  their  shafts. 
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CLASSIFICATION. 

First.  —  Spur  Gears  ;  those  gears  connecting  parallel 
shafts  and  whose  tooth  elements  are  straight. 

Second. — Bevel  Gears  ;  those  gears  connecting  shafts 
whose  axes  meet  when  sufficiently  prolonged,  and  the 
elements  of  whose  teeth  arc  straight  lines.  In  bevel 
gears  the  surfaces  that  touch  each  other,  without  slip- 
ping, are  upon  cones  or  parts  of  cones,  whose  apexes 
are  at  the  point  where  the  centre  of  their  shafts  meet. 

Third.- — Worm  Gears  ;  tliose  whose  axes  neither 
meet  nor  are  parallel,  and  the  elements  of  whose  teeth 
are  helical,  or  screw-like.  A  modification  of  this 
form  of  tooth  is  the  skew-bevel  wheel,  which  is  used 
in  some  cases  with  a  smooth  surface  which  is  a  zone 
or  frusti'um  of  an  hjperboloid  of  revolution.  A  liy- 
perboloid  of  revolution  is  a  surface  resembling  a  dice- 
box,  generated  by  the  revolution  of  a  straight  line 
around  an  axis  from  which  it  is  at  a  constant  distance, 
and  to  which  it  is  inclined  at  a  constant  angle.  Of 
modifications  of  the  spur-gear  we  have  the  internal 
gear,  the  elliptical  gear,  the  segment  and  the  rack. 

There  are  almost  endless  modifications  of  the  ditTer- 
ent  classes  of  gears,  and  anything  like  a  careful  descrip- 
tion of  their  vises,  and  the  methods  of  designing  them, 
would  make  a  book  of  one  hundred  pages  octavo  size, 
and  consequently  far  beyond  our  present  range.  We 
will  consider  Bevel  Gears  and  Spur  Gears.  We  will 
use  the  following  abbreviations  : 

Let  D  =  the  diameter  of  addendum,  or  full  size 
circle. 

Let  D'  =  the  diameter  of  pitch  circle. 

Let  P'  =  the  circular  pitch. 

Let  t  =  tlie  thickness  of  tooth  at  pitch  line. 

Let  s  =  the  addendum,  or  face  of  tooth. 

Let/  =  the  clearance. 

Let  D"  =  2s,  or  working  depth  of  tooth. 
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Let  D"  +/  =  whole  depth  of  space. 
Let  N  =  number  of  teeth  in  one  gear. 
Let  ?i=  3.1416,   or  circumference  when  diameter 
is  1. 

If  we  multiply  the  diameter  of  any  circle  by  7i,  the 
product  is  the  circumference  of  that  circle.  If  we 
divide  the  circumference  by  n,  the  quotient  will  be  the 
diameter  of  that  circle. 

The  circular  pitch  and  number  of  teeth  in  a  wheel 
being  given,  the  diameter  of  the  Avheel  and  size  of 
tooth  parts  are  found  as  follows  : 

Dividing  by  3.1416  =  multiplying  by  gyli^  = 
.3183  ;  hence,  multiply  the  circumference  of  a  circle 
by  .3183  and  the  product  is  the  diameter  of  the  circle. 

Multiply  the  circular  pitch  by  .3183  and  the  product 
will  be  the  same  part  of  the  diameter  of  the  pitch  cir- 
cle that  the  circular  pitch  is  of  the  circumference  of 
pitch  circle.  This  part,  or  modulus,  is  called  a  diame- 
ter pitch. 

The  diameter  pitch  =  addendum  of  tooth  =  s. 
Circular  pitch  multiplied  by  .3183  =  s,  or  .3183P' 

The  number  of  teeth  in  a  wheel  multiplied  by  a 
diameter  pitch  equals  diameter  of  pitch  circle,  Ns  = 
D' .  Add  two  to  the  number  of  teeth,  multiply  the 
sum  by  s  and  the  product  will  be  the  whole  diameter, 
{N+2)s  =  B.  One-tenth  of  thickness  of  tooth  at 
pitch  line,  equals  amount  added  to  bottom  of  space  for 
clearance,  xo  =/•     ^-f  =  f-  =  Radius  of  pitch  circle. 

Distance  hetiveen  centres  of  tivo  wheels  equals  the 
sum  of  the  two  pitch  circle  radii. 

In  making  drawings  of  gears  and  in  cutting  I'acks, 
it  is  necessary  to  know  the  circular  pitch  in  whole 
inches  and  the  natural  divisions  of  an  inch,  as  one- 
half  inch  pitch,  one-quarter  inch  pitch,  etc.,  l)ut  since 
it  is  difficult  to  measure  the  circumference  of  the  pitch 
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circle  and  divide  it  into  equal  parts,  it  is  much  better 
that  the  diameter  of  a  gear  should  be  of  a  size  con- 
veniently measured. 

The  same  applies  to  the  distance  between  centres. 
Hence  it  is  generally  more  convenient  to  assume  the 
pitch  in  terms  of  the  diameter.  A  definition  of  a  di- 
ameter pitch  and  the  method  of  obtaining  it  from  the 
circular  pitch  has  been  given. 

If  the  circumference  of  the  pitch  circle  is  divided 
by  the  number  of  the  teeth  in  the  gear,  the  quotient 
will  be  the  circular  pitch.  If  the  diavieter  of  the  pitch 
circle  is  divided  by  tlie  number  of  the  teeth,  tlie  quo- 
tient will  be  a  diameter  pitch.  Thus,  if  a  gear  has 
forty-eight  teeth  and  a  pitch  diameter  of  twelve  inches, 
the  diameter  pitch  is  twelve  inches  divided  by  forty- 
eight,  or  one-quarter  of  an  inch,  Naturally,  in  de- 
ciding dimensions  of  teeth  for  a  gear,  a  diameter  pitch 
of  some  convenient  part  of  an  inch  is  taken. 

In  speaking  of  diameter  pitch,  only  the  denomina- 
tor of  the  fraction  is  named.  One-third  of  an  inch 
diameter  pitch  is  called  3  diametrical  pitch.  Diamet- 
I'ical  pitch  is  tlie  number  of  teeth  to  one  inch  of  diame- 
ter of  pitch  circle.  Represent  this  by  P.  Thus,  one- 
quarter  inch  diameter  pitch  becomes  4  diametrical 
pitcli,  or  4P,  because  there  would  be  four  teeth  on  the 
gear  to  every  inch  of  diameter  of  its  pitch  circle. 

The  circular  pitch  and  difl^erent  parts  of  the  teeth 
are  derived  from  the  diametrical  pitch  as  follows  : 

(1)  '-^"  =  P',  or  3.1416  divided  by  the  dia- 
metrical pitch  is  equal  to  the  circular  pitch. 

(2)  I  =  P,  or  one  inch  divided  by  the  thickness 
of  one  tooth  equals  number  of  teeth  to  one  inch. 

(3)  -j!  =  t,  or  l.o7  divided  by  the  diametrical 
pitch  gives  thickness  of  tooth  at  pitch  line. 

(4)  f  =  D',  or  number  of  teeth  in  a  gear  divided 
by  the  diametrical  pitch  equals  diameter  of  the  pitch 
circle.     The  diameter  of  the  pitch  circle  of  a  wheel 
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having    60    teeth,   12P,  would   be,  consequently,  five 
inches. 

(5)  ^p"^  =  i),  or,  add  2  to  the  number  of  teeth 
in  awheel  and  divide  the  sum  by  the  diametrical  pitch, 
and  the  quotient  will  be  the  lohole  diameter  of  the  gear 
or  the  diameter  of  the  addendum  circle.  The  diame- 
ter of  gear  blank  for  a  gear  of  sixty  teeth,  12P,  would 
be,  consequently,  o-f^  inches. 

(6)  D'  ~  Pi  01'  number  of  teeth  divided  by  diame- 
ter of  pitch  circle,  in  inches,  gives  the  diameti'ical 
pitch. 

(7)  "y ^ "  =  P,  or  add  2  to  the  number  of  teeth, 
divide  by  whole  diametei-and  quotient  will  be  diamet- 
rical pitch.  PD'  —  N,  or  pitch  circle  diameter  multi- 
plied by  diametrical  pitch  equals  number  of  teeth  in 
the  gear. 

The  reverse  of  formula  (1)  is  true,     (8)   ^    =  P. 


Single  Curve  Gears, 


Single  curve  teeth  are  so  called  because  their  work- 
ing surfaces  have  but  one  curve,  which  forms  both 
face  and  flank  of  tooth  sides.  This  curve  is,  approxi- 
mately, an  involute.  In  a  gear  of  30  teeth  or  more, 
this  curve  may  be  the  single  arc  of  a  circle,  Avhose 
j-adius  is  one-fourth  the  radius  of  the  pitch  circle.  A 
fillet  is  added  at  the  bottom  of  the  tooth,  to  make  it 
stronger,  equal  in  radius  to  one-sixth  the  widest  part 
of  tooth  space. 

A  cutter  made  to  leave  this  fillet  has  the  advantage 
of  wearing  longer  than  it  would  if  brought  up  to  a 
corner. 
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In  gears  of  this  class  of  less  than  30  teeth,  this 
fillet  is  made  the  same  as  just  given,  and  sides  of  teeth 
formed  of  more  than  one  arc,  as  will  be  shown  later. 

Having  calculated  the  data  of  a  gear  of  30  teeth, 
we  may  proceed  as  follows  : 

1st.  Draw  pitch  circle  and  point  it  off  into  parts 
equal  to  ^  circular  pitch. 

2d.  From  one  of  these  points,  as  c,  (in  sketch  of 
"  single  curve  bevel  gear  ")  draw  radius  to  pitch  circle, 
and  on  this  radius  describe  a  semicircle  ;  the  diameter 
of  this  semicircle  being  equal  to  radius  of  pitch  circle. 
Draw  addendum,  working  depth,  and  whole  depth 
circles. 

3d.  From  the  point  c,  where  pitch  circle,  semi- 
circle and  outer  end  of  radius  to  pitch  circle  meet,  lay 
off  a  distance  on  semicircle  equal  to  the  fourth  part  of 
the  radius  of  pitch  circle,  shown  in  the  figure  at  cy. 
This  is  laid  off  as  a  chord. 

4th.  Through  this  new  point  y,  upon  the  semi- 
circle, di'aw  a  circle  concentric  to  pitch  circle.  This 
last  is  called  the  base  circle,  and  is  the  one  foi"  tooth 
arcs.  In  the  best  practice,  the  diameter  of  this  circle 
is  made  about  forty-nine  fiftieths  of  the  diameter  of 
pitch  circle.     . 

With  dividers  set  to  one-quarter  of  the  radius  of 
pitch  circle,  draw  arcs  forming  sides  of  teeth,  placing 
one  leg  of  the  dividers  in  the  base  circle  and  letting 
the  other  leg  describe  an  arc  through  a  point  in  the 
pitch  circle  that  was  made  in  laying  off  the  parts 
equal  to  one-half  the  circular  pitch. 

With  dividers  set  to  -one-sixth  widest  part  of  tootli 
space,  draw  fillets  for  strengthening  teeth  a't  their  roots. 
These  fillet  arcs  should  just  touch  the  whole  depth 
circle  and  the  sides  of  teeth  already  described. 

Single  curve  or  involute  gears  will  run  at  varying 
distances  between  axes  and  transmit  unvarying  angu- 
lar velocity. 
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This  peculiarity  makes  these  forms  of  gear  teeth 
valuable  for  driving  rolls  or  any  rotating  pieces,  the 
distance  between  whose   axes  is  likely  to  be  changed. 

A  rack  is  a  straight  piece  having  teeth  to  mesh 
with  a  gear.  A  rack  may  be  considered  a  gear  of 
infinitely  long  radius.  Tiic  circumference  of  a  circle 
approaches  a  straight  line  as  the  radius  increases,  and 
when  the  radius  is  infinitely  long,  any  finite  part  of  the 
circumference  is  a  straight  line.  The  pitcli  line  of 
a  rack,  tlien,  is  a  straight  line  tangent  to  the  pitcli 
circle  of  a  gear  meshing  with  the  rack.  All  the 
dimensions  of  the  parts  of  the  teeth  of  a  rack  are 
calculated  the  same  as  for  a  wheel. 

A  rack  to  mesh  with  a  single  curve  gear  of  30  teeth 
or  more  is  drawn  as  follows  : 

Draw  straiglit  pitch  line  of  rack  ;  also  draw  adden- 
dum line,  working  depth  line  and  whole  depth  line, 
each  parallel  to  the  pitch  line. 

Point  off  the  pitch  line  into  parts  equal  to  one-half 
the  circular  pitch,  or==t. 

Through  tliese  points  draw  lines  at  angles  of  75J° 
with  pitch  lines,  alternate  lines  slanting  in  opposite 
directions.  These  lines  form  the. sides  of  rack  teeth 
and  are  perpendicular  to  the  lines  of  pressure. 

In  single  curve  gears  of  12  and  13  teeth,  the  sides 
of  spaces  inside  base  circle,  are  parallel  for  a  distance 
not  more  than  J  of  a  diameter  pitcli,  or  ^s ;  gears  14, 
15  and  16  teeth,  not  more  than  Is ;  17  to  20  teeth, 
not  more  than  |s.  In  gears  of  more  than  20  teeth 
the  parallel  construction  is  omitted. 

To  draw  an  involute  gear  of  12  teeth  proceed  as 
follows : 

Draw  pitch  circle,  base  circle  and  addendum  circle 
as  in  single  curve  gears  of  30  teeth  and  over.  Space 
off  pitch  line  into  parts  equal  to  one-half  circular 
pitch.  Draw  three  or  four  tangents  W,  jj',  kk',  IV 
to  the  base  circle,  making  the   points   of  tangency,  on 
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the  base  circle,  ^  of  the  circular  pitch  apart.  With 
dividers  set  to  ^  the  radius  of  pitch  circle  placing  one 
leg  in  i'  draw  arc  xij ;  (x  is  on  pitch  circle)  with  leg 
in  j'  and  radius  jj'  draw  jk ;  with  one  leg  in  W  and 
radius  kh'  draw  kl.  Should  the  addendum  circle  be 
outside  I,  complete  tooth  side  with  last  radius. 

These  four  arcs  togetlier  form  a  very  close  approxi- 
mation to  the  true  involute  from  the  pitch  circle.  The 
exact  involute  for  gear  teeth  is  the  curve  made  by  the 
end  of  a  band  when  unwound  from  a  cylinder  of  the 
same  diameter  as  the  base  circle. 

Having  obtained  the  involute  for  one  side  of  the 
face  of  the  tooth,  reverse  it  for  the  other  side. 

From  these  two  adjacent  points  on  the  base  circle 
draw  parallel  lines  to  the  centre  of  the  gear.  Then, 
with  one  leg  of  dividers  in  pitch  circle  in  centre  of 
next  tooth,  and  the  other  leg  just  touching  one  of  the 
parallel  lines  at  6,  continue  the  tooth  side  into  c,  where 
it  meets  a  fillet  arc  whose  radius  is  ^  the  width  of 
space  at  the  addendum  circle.  This  completes  the 
flank  of  the  tooth.  This  method  is  conventional — or 
not  founded  on  principle  other  than  the  judgment  of 
the  designer.  If  flanks  in  any  gear  will  clear  addenda 
of  a  rack  they  will  clear  addenda  of  any  other  gear, 
not  an  internal  gear.  The  addenda  of  teeth  of  this 
rack  are  rounded  by   a  radius  of  \^  pitch. 


Bevel  Gear  Blanks. 


The  pitch  of  bevel  gears  is  always  figured  at  the 
largest  pitch  diameter. 

Most  bevel  gears  connect  shafts  that  are  at  right 
angles  to  each  other.  The  follow^ing  directions  apply 
to  any  angle,  but  the  sketch  is  made  with  axes  at  right 
angles. 

Having  decided  upon  the  pitch,  numbers  of  teeth 
and  angle  of  shafts  :  (The  sketch  is  made  for  gears 
of  4  pitch  12  and  24  teeth  and  three  inches  and  six 
inches  diameter.) 

Draw  axes  AOB  and  GOD.  Draw  \m&mn  paral- 
lel to  AOB.,  bisected  by  COD  and  at  a  distance  fx'om 
AOB  equal  to  one-half  the  diameter  of  the  large  gear. 

Draw  the  line  ij  parallel  to  the  line  COD.,  bisected 
by  AOB  and  at  a  distance  from  COD  equal  to  one- 
half  the  diameter  of  the  small  gear. 

Fi'om  ends  of  lines  mji,  ij  and  at  their  intersection, 
draw  lines  to  0. 

These  lines  give  size  and  shape  of  pitch  cones. 
They  are  called  Pitch  Cone  Lines. 

Through  points  «^,  i  and  j,  draw  lines  mx.,  iy  and 
jz  perpendicular  to  cone  pitch  lines. 

On  these  lines,  from  cone  pitch  line,  lay  off  distances 
for  addenda,  working  depth  and  whole  depth  of  teeth. 
From  the  points  so  obtained,  draw  lines  to  the  centre 
0.  These  lines  give  the  height  of  teeth  above  cone 
pitch  lines,  and  the  whole  and  working  depths  of  teeth. 

The  teeth  become  smaller  as  they  approach  0  and 
become  nothing  at  that  point.  It  is  quite  as  well 
never  to  have  the  length  or  face  of  teeth,  mm'  longer 
than  one-third  the  distance  0?;i,  nor  more  than  two 
and  a  half  times  the  circular  pitch. 
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Having  decided  upon  the  length  of  face,  draw  limit- 
ing lines  m'ic',  i'j'  and  j'z'. 

We  have  now  the  outline  of  section  of  gears  through 
their  axes.  A  straight  line  drawn  through  the  largest 
diameter  of  the  teeth,  perpendicular  to  axis  of  the 
gear  is  called  the  largest  diameter.  In  practice  these 
diameters  are  obtained  by  measitring  the  drawing.  In 
this  drawing  the  diameter  of  pinion  is  3.45"  and  of 
gear  6.22". 

To  obtain  data  for  teeth,  we  need  only  make  draw- 
ing of  section  of  one-half  of  each  gear. 

We  first  draw  centre  lines  AO,  BO  and  the  lines  gh 
and  cd,  then  gear  blank  lines  as  in  the  case  just 
described.      (See  sketch  of  S.  C.  Bevel  Gear.) 

To  obtain  shape  of  teeth  in  bevel  geai'S,  we  do  not 
lay  them  off  on  pitch  circles  in  same  way  as  in  spur 
gears. 

A  line  running  from  a  point  on  cone  pitch  line  to 
centre  line  of  a  bevel  gear,  perpendicular  to  this  cone 
pitch  line,  is  the  radius  for  circle  upon  which  to  draw 
outlines  of  teeth  ai  this  ]3oint. 

Hence  Ac  is  the  geometrical  pitch  circle  radius,  for 
large  end  of  teeth,  and  A'c'  the  geometrical  pitch 
radius  for  small  end  of  teeth  of  wheel.  To  avoid 
confusion,  the  distance  A'c'  is  transferred  to  Ac". 

For  the  pinion  we  have  the  geometrical  pitch  circle 
radius  Be  for  large  end  of  teeth,  and  the  radius  B'c' 
for  small  end  of  teeth.     Transfer  distance  B'c'  to  line 

About  A,  draw  arc  crs  and  upon  it  lay  off  spaces 
equal  to  the  thigkness  of  tooth  at  pitch  line,  and  draAv 
outlines  of  teeth  as  previously  described. 

We  have  now  the  shape  of  teeth  at  large  end, 
repeat  this  operation  with  radius  Be  about  B,  and  we 
have  form  of  teeth,  at  large  end  of  pinion. 

*Tredgokrs  method  from  Raukine,  App.  Mech.  p.  448, 
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Upon  arc  of  radius  A'c'  we  get  shape  of  teeth  of 
small  end  of  gear,  and  upon  arc  of  radius  B'c'  we  get 
shape  of  teeth  at  small  end  of  pinion. 

The  sizes  of  tooth  parts  at  small  end  may  be  taken 
directly  from  the  diagram,  or  they  may  be  calculated 
as  follows  : 

Dividing  the  distance  Oc',  which  for  example  may  be 
2  inches,  by  Oc,  Avhich  may  be  3  inches,  we  get  f 
or  .666  for  a  ratio.  Multiplying  outside  sizes  by  .666, 
we  get  the  corresponding  inside  sizes.  Thickness  of 
teeth  at  outside  being  .314  inch,  §  of  it  gives  us  .209 
inch  as  thickness  of  teeth  inside. 

When  cutting  bevel  gears  with  rotary  cutters,  the 
angle  of  cutter  head  is  set  the  same  as  angle  of  Avork- 
ing  depth  ;  thus  :  To  cut  the  gear  we  have  the  cut- 
ter travel  in  the  direction  Op.  The  angle  A  Op  is 
called  the  "  cutting  angle,"  beiug  measured  from  the 
axis  of  the  gear.  In  this  method  the  angle  of  face  of 
pinion  is  the  same  as  cutting  angle  of  gear,  and  face 
angle  of  gear  is  the  cutting  angle  of  pinion,  and  clear- 
ance is  the  same  inside  as  outside. 


Epicycloidal   Teeth. 


An  epicycloid  is  "  a  curved  line  generated  by  a 
point  in  the  circumference  of  a  circle,  which  rolls  on 
the  circumference  of  another  circle,  either  internally 
or  externally."     (Worcester). 

Hence  an  epicycloidal  tooth  has  parts  of  epicycloids 
for  the  curves  of  its  faces. 

In  the  sketch,  having  determined  on  one  inch  pitch, 
and  found  radius  of  rolling  circle  from  diagram,  the 
point  0  was  selected  for  a  starting  point,  and  the  centre 
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of  the  rolling  circle  having  its  centre  at  r' rolled  on  the 
pitch  circle  until  r'  passed  through  a  distance  of"  1^ 
inches,  and  the  epicycloid  traced  by  o  found  to  be  ox,  for 
the  face  of  the  tooth,  and  in  the  same  manner,  the 
epicycloid  ox'  developed  for  the  flank  of  the  tooth. 
Four  positions  of  the  centre  of  the  rolling  circle,  and 
four  of  the  point  o  are  given  in  each  case. 

By  the  diagram  thickness  of  tooth,  t=  .48  pitch. 
Length  of  tooth,  1=  .IP.  Three-tenths  of  this  dis- 
tance out  from  the  pitch  circle  determines  a  point  in 
the  addendum  circle,  and  foui'-tenths  pitch  in  fr-om  the 
pitch  circle  gives  a  point  in  the  whole  depth  circle. 
This  allows  -^^  P  for  clearance. 

The  curves  obtained  for  one  side  of  the  tooth  may 
now  be  reversed  at  a  distance  of  .48  P,  and  we  have 
the  outline  of  a  tooth  that  may  be  duplicated  around 
the  wheel. 

"  It  is  considered  desirable  by  millwrights,  Avith  a 
vicAV  to  the  preservation  of  the  uniformity  of  the 
shape  of  the  teeth  of  a  pair  of  wheels,  that  each 
tooth  in  one  wheel  should  work  with  as  many  diiFerent 
teeth  in  the  other  wheel  as  possible. 

They,  therefore,  study  to  make  the  numbers  of 
teeth  in  each  pair  of  wheels  Avhich  work  together, 
such  as  to  be  prime  to  each  other,  or  to  have  their 
greatest  common  divisor  as  small  as  is  possible  con- 
sistently with  the  purposes  of  the  machine. 

The  smallest  number  of  teeth  which  it  is  practi- 
cable to  give  a  pinion  is  regulated  by  the  principle, 
that  in  order  that  the  communication  of  motion  from 
one  wheel  to  another  may  be  continuous,  at  least  one 
pair  of  teeth  should  always  be  in  action  ;  and  that  in 
order  to  provide  for  the  contingency  of  a  tooth  break- 
ing, a  second  pair,   at  least  should  be  in  action  also." 

The  least  number  of  teeth  that  can  usually  be  em- 
ployed is  as  follows  : 

Involute  teeth,  25  ;  epicycloidal  teeth,  12  ;  cylindri- 
cal teeth,  or  staves,  6. 
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The  Arc  of  Contact  on  the  pitch  lines  is  the 
length  of  that  portion  of  the  pitch  lines  which  passes 
the  pitch  point  during  the  action  of  one  pair  of  teeth  ; 
and  in  order  that  two  pairs  of  teeth,  at  least  may  be 
in  action  at  each  instant,  its  length  should  be  double 
the  pitch.  It  is  divided  into  two  parts,  the  arc  of 
approach  and  the  arc  of  recess.  In  order  that  the 
teeth  may  be  of  length  sulRcieut  to  give  the  required 
duration  of  contact,  the  distance  moved  over  by  the 
point  0  on  the  pitch  line,  during  the  rolling  of  a  roll- 
ing curve  to  describe  the  face  and  flank  of  a  tooth, 
must  be,  in  all,  equal  to  the  length  of  the  required 
arc  of  contact. 

Line  of  Pressure.  When  one  body  presses  against 
another,  not  attached  to  it,  the  tendency  to  move  the 
second  body  is  in  the  direction  of  the  perpendicular 
at  point  of  contact. 

This  perpendicular  is  called  the  line  of  pressure. 
The  angle  that  this  line  makes  with  the  path  of  the 
impelling  piece  is  called  the  angle  of  pressure. 

In  the  case  of  gearing  the  line  of  pressure  makes 
an  angle  with  the  line  of  centres  of  75°  to  78°. 


Proportions  of  Gear  Wheels. 


Much  of  the  study  and  work  on  gears  by  engineers 
and  manufacturers  has  been  devoted  to  the  improve- 
ment of  the  shape  of  the  teeth  of  gear  wheels, 
and  a  large  part  of  the  illustrative  chart  is  likewise 
occupied  with  representations  of  some  of  the  most 
important  of  the  results  of  this  study  and  work.  A 
matter  often  left  to  hap-hazard  and  "  rule  of  thumb" 
design    is    the    proportions    of  gear    wheels.     In    the 
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sketch  representing  epicycloidal  teeth,  the  design  of 
a  gear  wheel  is  completed  and  the  proportions  so 
gi-aphically  represented  as  to  enable  a  student  with 
very  small  labor  to  design  any  gear.  The  proportions 
of  a  gear  of  less  than  12  inch  diameter  are  of  com- 
paratively small  interest  to  the  draughtsman  or  designer 
since  they  have  been  so  often  designed  and  manu- 
factured that  fairly  perfect  ones  may  be  obtained  of  a 
dozen  different  manufacturers. 

When,  however,  we  need  a  gear  wheel  of  from  2  to 
10  feet  diameter,  we  are,  for  various  reasons,  inclined 
to  bestow  considerable  care  on  its  design. 

The  proportions  given  in  the  sketch  were  compiled 
from  the  statements  of  three  authors,  and  modified 
somewhat  by  personal  experience.  The  pitch  of  the 
gear  is  here  made  the  basis  of  all  dimensions. 

As  to  the  relative  strength  of  the  different  parts  of 
a  gear  wheel,  there  is  a  wide  difference  of  opinion  ; 
some  holding  that  the  teeth  should  be  the  weakest  part 
and  others  contending  that  all  parts  should  be  equally 
strong — these  latter  having  in  mind  the  principle  upon 
which  the  Deacon  built  his  celebrated  "  one  boss 
shay." 


Teeth  of  Gear  Wheels. 


There  are  at  least  two  good  reasons  wliy  tlie  teeth 
should  be  made  the  weakest  part  of  a  gear.  The 
teeth  are  the  smallest  part  of  tlie  gear,  and  in  falling 
— after  having  been  broken — are  least  likely  to  dam- 
age the  machine  of  which  the  gear  is  a  part.  Also, 
if  but  a  few  teeth  or  cogs    are  broken   out,  they  may 
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be  easily  replaced  by  pins  with  small  loss  of  time — 
after  which  a  new  aud  better  gear  may  be  substituted. 

The  value  of  a  tooth  iu  transmitting  power  is  a 
subject  of  great  importance  in  this  study  of  gears. 
The  following  is  combined  from  Haswell,  Tred- 
gold  and  Rankine  :  At  a  speed  of  400  feet  per  min- 
ute, a  tooth  whose  breadth  is  to  its  thickness  as  5  to  1, 
and  whose  sectional  area  is  one  inch,  will  transmit  six 
horse  power. 

The  section  of  a  one  inch,  circular  pitch,  cast  gear 
of  2.25  inch  face  Avould  give  this  section  almost 
exactly. 

2.25. 


.45 


A  cut  gear  of  the  same  pitch  would  give  a  little 
larger  section,  but  less  strength,  because  it  lacks  the 
"  skin  "  strength  of  the  cast  tooth. 

A  better  proportioned  tooth,  for  strength  would  be 
a  3  diametrical  pitch  1§  inches  wide.    This  pitch — cut 


.53 


1.875 


gear — gives  us  an  area  of  (1,875  in.  x  .53  in.)  .01  of 
a  square  inch  (.00875)  less  than  the  one  just  men- 
tioned, but  its  strength  is  more  than  7%  stronger  (hd'^) 
than  the  other. 

A  tooth,  then,  of  3  diameter  pitch,  1^  inch  face, 
moving  at  a  velocity  of  400  feet  per  minute,  will 
transmit  6  HP. 
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sem^b  be  an  ample  factor  of  safet^iffiiis 
case,  and  if  tins  rule  were  followed  there  would  rarely 
be  a  break  under  the  strain  for  Avhicli  the  gear  was 
designed. 

We  must  not,  however,  forget  irregular  motions 
caused  by  varying  power  and  varying  work,  blow- 
holes and  slag  weakening  the  iron,  backlash  and  fall- 
ing dirt. 

It  must  be  remembered  that  gears  should  be  so 
designed  that  two  teeth  of  eacli  gear  are  always  in 
mesh.  This  sometimes  prevents  tlie  loss  of  more  than 
one  tooth,  from  a  defect  in  the  iron  and  practically 
reduces  the  strain  on  the  tooth  one-half.  This  tooth 
we  have  just  arrived  at  is  larger  than  is  needed  for 
fine  gearing,  where  poor  iron,  irregular  motion  and 
backlash  are  reduced  to  a  minimum,  but  we  are  con- 
sidering cast,  not  cut  gears. 

The  figures  at  the  left  hand,  of  the  right  hand  dia- 
gram, in  the  left  hand  upper  corner  of  the  sketch, 
represent  "  the  number  of  pounds  strain  each  pitch 
will  safely  transmit  per  inch  width  of  wheel  face  " — 
according  to  Prof.  Marks.  Probably  Prof.  Marks 
considered  the  tooth  as  a  beam  built  in  at  one  end, 
with  the  load  at  the  other,  which  is  an  extreme  case. 
Also  the  element  of  motion  is  not  taken  into  account. 


GEAR    DESIGN. 


After  the  cross-sectional  area  of  the  tooth  is  deter- 
mined on,  the  proportions  for  the  rest  of  the  gear  are 
easily  arrived  at  by  looking  at  the  sketch  and  accom- 
panying diagram. 

In  the  diagram,  the  vertical  column  of  figures  indi- 
cate circular  pitch. 
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The  horizontal  lines  are  simply  divisions  of  the 
pitch — or  pitches. 

The  inclined  lines  show  the  variations  of  wheel 
dimensions  corresponding  to  the  pitch.  Thus,  small 
?•,  the  radius  of  rolling  circle,  for  a  4  inch  pitch  gear  is 
^  of  4  inches,  or  3^  inches,  for  3  inch  pitch,  r  is  2| 
inches,  for  2  inch  pitch,  r  is  If  inches,  and  for  1  inch 
pitch   r  is   ^   of  an  inch. 

This  matter  of  the  size  of  the  rolling  circle  is  a 
very  important  one.  Its  size  may  be  increased  until 
the  flanks  of  the  teeth  are  straight  radial  lines,  or 
decreased  until  the  face  of  the  tooth  is  an  arc  of  as 
small  a  circle  as  the  rolling  circle  itself,  /,  e,  an  epicy- 
cloid which  nearly  coincides  with  an  arc  of  a  circle 
equal  to  the  rolling  circle. 

Looking  now  for  the  thickness  of  rim,  we  find  that 
it  is  given  in  the  diagram  as  d=^  inch  +  .4  P,  and  this 
for  4  inches  P  is  1.735  inches,  or  about  If  inches,  for 
3  inches  pitch  d  is  1^,  for  2  inches  ^of  an  inch,  and 
1^  of  an  inch  for  1  inch  pitch.  This  rim  is  increased 
from  the  edge  or  side  of  the  wheel,  toward  the  centre, 
until  it  is  1.2  d  thick,  where  it  is  reinforced  by  a 
central  rib  d  wide  and  d  thick.  This  rim  has  had 
its  teeth  stripped  from  it,  and  therefore  is  strong 
enough,  though  it  looks  light. 

For  computing  the  strength  of  arms  we  must  have 
the  pitch  diameter  and  width  of  face  of  wheel  given. 
Denoting  the  face  of  the  Avheel  by  b,  half  the  pitch 
diameter  by  i?,  and  the  required  depth  of  the  arm  at 
the  hub  by  A,  the  following  formula;  for  arms  are  con- 
sidered good : 

For    4  arms  /i=  .61  ViJ^ 

For    6  arms  Ji=     .5  Vb^ 

For    8  arms  /«=   .46  VbrT 

For  10  arms  A=.443  VS^ 

For  12  arms  A=.438  Vbr. 

The  depth  of  the  arm  at  the  rim  should  be  f  of  the 
hub  depth. 
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The  term  depth  is  here  used  to  denote  the  dimen- 
sion of  the  arm  in  a  plane  at  right  angles  to  the  axis 
of  rotation. 

To  strengthen  the  arm.  against  side  thrust  and  tw'st- 
ing,  a  rib  a  is  .put  on  each  side  of  the  arm,  nearly  as 
wide  as  the  face  of  the  gear.     Its  thickness  is  .7  d. 

The  fillet  between  the  arms  at  the  hub  should  never 
be  less  than  ^  d  deep. 

The  thickness  of  the  hub  is  made  4^^^  inches  for  a 
wheel  on  a  1 0  inch  shaft,  and  -^^  of  an  inch  less  for  each 
inch  decrease  of  diameter  of  the  shaft.  An  increase 
in  these  sizes  for  all  shafts  over  6  inches  in  diameter 
would  be  an  improvement. 

With  this  explanation  of  the  graphical  representa- 
tion of  a  gear  design  before  you,  yon  have  snfficient 
direction  to  design  gear  wheels. 

It  may  be  well  to  add  here  that  no  amount  of  "book 
wisdom"  will  supply  a  want  of  practical  knowledge 
of  the  subject  in  hand,  nor  will  any  amoantof  "  finger 
wisdoiti "  enable  a  mechanic  to  design  the  gear  he 
faultlessly  makes. 

Where  there  is  a  call  for  a  special  gear,  it  must  be 
adapted  to  special  conditions.  In  such  a  case,  the 
man  of  most  experience,  available,  is  called  in  and  his 
design  relied  on.  Experience,  judgment  and  "  com- 
mon sense,"  as  it  is  called — though  it  is  rather  uncom- 
mon— are  necessities  to  the  designer.  These  coupled 
Avith  "  book  wisdom  "  ought  to  make  a  good  designer. 
If  in  addition  to  these  qualities  he  has  plenty  of 
"  finger  wisdom  "  and  a  natural  mechanical  ability 
his  designs  should  be  as  neai'ly  perfect  as  our  civiliza- 
tion demands. 

Such  a  designer  as  this  will  never  fall  into  the  habit 
of  his  lesser  brethren,  of  "putting  in  a  little  more 
iron  "  when  the  exigencies  of  the  case  are  not  easily 
arrived  at. 

There  are,  to  be  sure,  many  cases  Avhere  it  is  plain 
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that  a  few  cents'  wortli  more  of  iron  in  a  casting  may 
save  a  very  expensive  break,  and  few  indeed  there  are 
who  hesitate  to  add  the  few  cents'  worth  of  iron. 

To  closely  calculate  the  amount  and  direction  of 
stress  that  comes  upon  a  gear  in  a  peculiar  position 
and  successfully  design  the  gear  for  such  position,  is 
the  work  of  a  practical  designer.  The  term  "  practi- 
cal" here  used  only  attains  its  full  force  Avhen  the 
gear  is  designed  speedily. 


Strength  of  Materials. 


For  tlie  student's  convenience,  a  few  tables  and 
alphabets  are  here  provided. 

Strength  is  the  resistance  a  body  opposes  to  a  per- 
manent separation  of  its  component  parts.  Elasticity 
is  the  resistance  a  body  opposes  to  a  change  of  form. 
The  three  terms  tensile,  crushing  and  transverse,  as 
used  in  the  tables,  are  readily  understood. 

A  study  of  the  tables  will  give  the  student  an  accu- 
rate standard  of  the  comparative  strength  of  materials. 

It  will  be  noted,  for  example,  that  cast  iron  is  better 
fitted  for  posts  than  wrought  iron,  Aviiile  the  latter  is 
superior  to  the  former  for  beams  or  rods.  In  this 
connection  it  will  be  noted  also  that  when  the  natural 
order  of  things  is  reversed  there  should  be  an  equiva- 
lent change  of  form  and  size  of  the  material.  There 
are  a  multitude  of  facts  bearing  on  the  use  of  mate- 
rials, but  there  is  room  here  for  only  one  more. 

The  strength  of  a  beam  of  any  material,  increases 
directly  as  to  the  breadth,  and  as  the  square  of  the 
depth.  This  fact  is  easily  remembered  in  the  formula 
bdo.  Hence  the  transverse  strength  of  a  2  by  6  beam 
placed  edge  up  is  greater  than  that  of  a  3  by  6  beam 
placed  side  up,  in  the  ratio  72  to  54. 
6 
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